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THE DEVONO-CARBONIFEROUS FAUNA OF THE 
SILVERBAND FORMATION, VICTORIA 

By John A. Talent and D. Spencer-Jones 
Abstract 

The Silverband Formation is the only unit of the Grampians Group known to yield animal 
remains other than rather featureless burrows, trails and sphenopsid stems. The fauna is 
impoverished, consisting of a species of Lingula, 2 species of ostracods and a series of worm 
trails and fish remains: dermal denticles, spines and teeth. The fauna is diagnostic neither of 
the late Devonian nor of the Carboniferous, though none of the available meagre evidence 
conflicts with the Lower Carboniferous age long ascribed to these beds. 

Introduction 

As the stratigraphy and structure of the Grampians Group will be described 
elsewhere it will suffice merely to reiterate that the first fossils obtained from it 
were collected by W. H. Ferguson in 1913 from beds now included in the Silver- 
band Formation. These were described by F. Chapman (1917) as: 

Lingula sqwmxformis Phillips var. borungensis var. nov. 

Physonemus attenuatus Davis 
P. micracanthus sp. nov. 
worm burrows. 

A Lower Carboniferous age was ascribed to this assemblage. The fauna has been 
neither augmented nor revised since then, although the form identified as P . 
attenuatus has been since compared with Erisinacanthus (Baird 1957) and some 
doubt has been expressed regarding the Carboniferous age of these beds (Benson 
19 23). 

Extensive fossil collections have now been made at 11 new localities in the 
Grampians Group, thus requiring reassessment of the fauna of these sparingly 
fossiliferous sediments. Once again the only generically identifiable fossils have 
come from the top of the Silverband Formation, in a unit averaging about 180 ft 
in thickness, near the middle of the main Grampians Group succession (Table 1). 
In the present contribution the amassing of collections and stratigraphic information 
is due to D. Spencer-Jones; the illustrations, descriptive palaeontology and deduc¬ 
tions therefrom are due to J. A. Talent. 

Correlation and Palaeoecology 

The fauna of the Silverband Formation (Table 2) is as follows: 

Lingula borungensis (Chapman) 

Ostracoda gen. & sp. indet. A 
Ostracoda gen. & sp. indet. B 
worm trails 

' Physonemus* micracanthus Chapman 
3 teeth of elasmobranch affinities 
elasmobranch dermal denticles 
unidentifiable fish spines. 
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Table 1 

Grampians Group (Main Succession) 


Formation 

Unit 

Lithologies 

Thickness 

Ft 

Fossils 

Victoria Range 

2 

Coarse, medium grained 
quartzose sandstones 

3,500 

Sphenopsid (stems) 

Sandstones 

A 

1 

Coarse, medium and fine grained 
quartzose sandstones 

6,500 


T 

? 

Mt Difficult 
Sandstones 


Medium and fine grained 
quartzose sandstones 

Quartzites 

3,000 



3 

Soft micaceous red siltstones 
and sandstones 

180 

Lingula sp., ostracods, 
fish spines, teeth, 
elasmobranch dermal 
denticles 

Silverband 

Formation 

2 

Medium grained quartzose 
sandstones 

80 



1 

Soft red micaceous siltstones 
Medium grained quartzose 
sandstones 

2,300 

Animal burrows? 


6 

Medium to coarse grained 
quartzose sandstone 

400 



4 

Soft red micaceous siltstones 
and sandstones 

400 

Animal burrows, 
Crustacean tracks 

Red Man Bluff 
Sandstones 

3 

Medium grained quartzose 
sandstones. Red micaceous 
sandstones and siltstones 

1,150 



2 

Medium grained quartzose 
sandstones. Red micaceous 
siltstones. 

400 



1 

Coarse to medium grained 
quartzose sandstones 

3,600 



With the exception of the worm trails, the fauna is exclusively from unit 3 of 
the Silverband Formation. Animal burrows occur in unit 4 of the Red Man Bluff 
Sandstone at Fyans Cr. roughly 3,000 ft below the Lingula beds of unit 3 of the 
Silverband Formation. In addition there is a record of a possible crustacean trail 
from apparently the same formation at Talbot’s Gap near Mt William (Ferguson 
1917). 

The fauna of unit 3 of the Silverband Formation is the only one known from 
the Grampians Group to have significant implications as regards correlation and 
depositional environment. 

As elasmobranchs have not yet been found in beds older than Middle Devonian, 
the presence of elasmobranch dermal denticles is sufficient to fix a lower limit to 




















DEVONO-CARBONIFEROUS FAUNA OF SILVERBAND FORMATION 


3 


the age of the formation. With the rejection of the determination of Physonemus 
attcnuatus Davis and the certainty that P. micracanthus Chapman is not correctly 
assigned to Physonemus , the grounds for a Lower Carboniferous age for these beds 
becomes tenuous. Lingula borungensis , moreover, is not closely related to the late 
Devonian and Carboniferous species L. squamiformis Phillips. Though it is closer, 
for instance, to the Carboniferous species L. mytilloides Sowerby, it is such a 
comparatively featureless species that any inferences as regards intercontinental cor¬ 
relation would be hazardous. None of the fish remains nor L. borungensis has yet 
been recorded from better correlated Devonian and Carboniferous sequences in 
Australia. The fauna, therefore, is diagnostic neither of the Devonian nor of the 
Carboniferous, though none of the available evidence can be said to conflict with the 
Lower Carboniferous age long ascribed to these beds. Correlation with the other 
Devono-Carboniferous occurrences of SE. Australia must rest, for the present at 
least, on strong structural, lithologic and stratigraphic analogies. 

The presence in the Silverband Formation of abundant Lingula and elasmo- 
branch remains is clear evidence of a marine environment, at least for the beds 
containing these fossils. Indeed it could be argued from the presence of Lingula that 
the marine incursion was very shallow (Thomson 1927, Allan 1935, Craig 1952). 
Some (e.g. Allan) would contend the waters were warm temperate to tropical, 
though against such an interpretation is J. A. Thomson’s contention that the present 
restriction of the genus to comparatively warm waters is a geologically recent event. 
The absence of brachiopods other than Lingula and the absence of other inverte¬ 
brates, except for a very few worms and ostracods, is striking testimony to the 
unfavourable nature of bottom conditions to colonization by elements that would go 
to make up a normal marine fauna. The comparative abundance of fish remains on 
the other hand could indicate more normal marine surface waters. 

Frederick Chapman (1917) visualized the Lingula shells as having ‘drifted into 
small pools by tidal action’. Vigorous bottom activity is indicated by the completely 
dissociated and frequently broken nature of the fish remains and by the invariably 
disarticulated state of the ostracods and Lingulas. No Lingulas have been found in 
the living position, upright with the valves together. Such whole valves as occur are 
spread out along the bedding planes or occur haphazardly (usually broken) in the 
infilling of ?sun cracks ( Panimal burrows). The Lingula beds have been reworked 
to such a degree that the proportion of entire shells is often small compared with 
the amount of broken and comminuted shells. A notable exception was material 
from locality 3 which occurred in the form of a shell pavement of dissociated shells. 
The shells are close packed, often lying on top of one another and thereby contrasting 
with the overlying and underlying sediments in which Lingulas are comparatively 
rare. It is suggested this layering has resulted from the sluicing away of a layer of 
muddy sediment containing dead Lingula shells and that the shells were deposited 
as dissociated valves. That it was dead Lingula shells and not living ones which 
were so affected appears obvious. If a predominantly living population were uprooted 
one would expect many of the redeposited shells to be still held together by their 
muscles; that no paired shells were found shows this was not so. 

Systematic Descriptions 
Worm? Trails 

(PI. I, fig. 6) 

F. Chapman (1917, p. 84) has recorded the presence of ‘worm burrows filled 
with fine debris’ associated with the Lingulas at locality 2. The presence of an 
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Table 2 

Grampians Group Fossil Localities 


Locality 

One Mile 

Sheet Coordinates 

Formation 

Fossil Determinations 

1 

Stawell 466128 

Silverband, Unit 3 

' Physonemus' micr acanthus, fish 
9pine fragments indet. 

2+ 

„ 457121 

n » 

Lingula borungensis, 'P. tnicra- 
canthus, fish spine fragments 
indet., fish tooth 

3 

„ 459118 

M » 

L. borungensis, ' P .’ micracanthus , 
fish spine fragments indet., 
fish teeth 

4 

„ 481145 

» » 

L. borungensis , *P.* micracanthus, 
fish spine fragments indet. 

4 a 

„ 481124 

» » 

L. borungensis, fish spine fragments 
indet. 

5 

„ 458156 

it it 

L. borungensis, Ostracoda gen. & 
sp. indet. A 

6 

„ 467057 

it if 

Ostracoda gen. & sp. indet. A and B 

6 a 

12 ft stratigraphically 


Elasmobranch dermal denticles 


above loc. 6 


7 

Grampians 275205 

tl •> 

Ostracoda gen. & sp. indet. A 

8 

Ararat 501026 

Red Man Bluff, Unit 4 

Animal burrows 

9 

Stawell 479111 

Silverband, Unit 1 

Worm? trails 

10 

Thackeray 212873 

Victoria Range 

Moulds of sphenopsid stems 

11 

Wonwondah 411377 

Silverband, Unit 3 

Ostracoda gen. & sp. indet. A 

12 

Thackeray 415824 

» n 

Fish spine indet. 


+ Original locality of W. H. Ferguson, referred to as ‘Mt Rosea* and near ‘Halls Gap’ 

by F. Chapman (1917). 


occasional substantially whole Lingula shell in these ‘burrowings’ proves con¬ 
clusively that the contents did not pass through the alimentary tract of a worm. 
The significance of the problematical structures will be discussed elsewhere by 
Spencer-Jones. 

Comparatively featureless worm trails or castings are illustrated from unit 1 of 
the Silverband Formation. 


Phylum BRACHIOPODA 
Class Inarticulata 
Genus Lingula Bruguiere 
Lingula borungensis (Chapman) 

(PI. I, fig. 1-5; Fig. 1) 

1914 Lingula squamiformis var. borungensis (nom. nud.) Chapman Australasian Fossils 
Melbourne, p. 261. 

1917 Lingula squamiformis Phillips var. borungensis var. nov. Chapman Rec. Geol. Suru. 
Viet. 4 (1) : 86, PI. 5, fig. 5. 

Description : Shell of small size with valves subequal, the ventral slightly larger 
and more acuminate; outline elongate with a posterior acumination and moderately 
convex sides rounding progressively into a rather well rounded anterior margin; 
convexity rather low; surface ornament of very fine, sharp, concentric growth lirae, 
between 85 and 90 occurring in the space of 1 mm on well preserved specimens; 
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Fig. 1—Dimensions of specimens of Lingula borungensis (Chapman) from localities 3 
and 5 of the Silverband Formation. 
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radial ornament absent; interior without defined musculature, septa or other 
distinctive features; shell thin and of unknown structure. 


Dimensions: 104 measured specimens from localities 3 and 5 are plotted as 
Fig. 1; there is no apparent dichotomy. 

length (mm) width (mm) 

largest specimen. 5*7 3 8 

smallest specimen. 1*2 1*05 

holotype (Chapman 1917). 3*5 2 25 

mean dimensions. 3*2 2 3 


Discussion: The graph (Fig. 1) shows the holotype to be slightly larger and 
proportionately narrower than average. Most available specimens were noticeably 
flattened, but three specimens showed a thickness of 0 4 mm for the single valve, 
so that the two valves in the associated state would be about 0 8 mm thick. 

The holotype, formerly registered as Geological Survey of Victoria No. 12835, 
is now housed in the type collections of the National Museum of Victoria as 
No. P14362. It is rather badly crushed and somewhat distorted. The left postero¬ 
lateral margin is missing and the umbo appears to have been broken off, giving in 
effect an undue rectangular appearance. 

L. borungensis differs from L. squamiformis Phillips in outline, surface orna¬ 
ment and, most noticeably, in dimensions. The dimensions of L. squamiformis are 
10 times those of L. borungensis , so its body volume would be of the order of 1,000 
times as great. 

L. borungensis is much smaller, proportionately wider and less elliptical in 
outline than L. mytilloides Sowerby (cf. Deleers and Pastiels 1952) ; it has far 
more concentric lirae and is without the radii seen in L. mytilloides. 

Localities : 2, 3, 4, 4a, 5. 


Phylum ARTHROPODA 
Subclass Ostracoda 
Ostracoda gen. & sp. indet. A 
(PI. II. fig. 1) 

Poorly preserved, invariably disarticulated, ovate ostracods up to 3 mm long 
and 2 mm high are comparatively common at 4 localities. Generic assignment is 
impossible due to the absence of accurate information on relative size of valves, 
degree of overlap, and surface ornament. 

Localities: 5, 6, 7, 11. 

Ostracoda gen. & sp. indet. B 
(Fig. 2) 

Two large ovate ostracods from locality 6 differ in ratio of length to height from 
the ostracods identified above as Ostracoda indet. A. Excavation of one specimen 
revealed a canoe-shaped hinge depression like that of Pruvostina or Paraparchites, 
but an attempt to excavate the corresponding hinge depression of the other valve 
was not successful. Generic assignment is again impossible due to absence of 
accurate information on the relative size of the valves, the degree of overlap if any, 
and the nature of the surface ornament. There is no trace, for instance, of the 
surface pitting or reticulation that characterizes Pruvostina. 

Locality : 6. 
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Phylum CHORDATA 
Subphylum Pisces 

The fish fauna of the Silverband Formation consists of 3 types of remains: 
a series of dermal denticles from one locality, a series of fish spines from 6 other 
localities, and 3 teeth found in close association with the spines of 2 localities. As 
the dermal denticles have not been found in association with the other remains they 
cannot be construed as parts of the same organism. However the close association 
of the spines and teeth in these poorly fossiliferous beds leads one to suspect they 
were derived from the same species of fish. 

Genus Physonemus McCoy 1848 
‘Physonemus’ micracanthus Chapman 
(PI. II, fig. 4-8; Fig. 3) 

1917 Physonemus micracanthus sp. nov. Chapman Rec. Geol. Surv. Viet. 4 (1) : 84, 85, PI. 5, 
fig. 1-3. 

1917 Physonemus attenuatus Davis. Chapman Ibid.: 85, 86, PI. 5, fig. 4. 

1917 Physonemus sp. Chapman Ibid.: 86 (at least in part). 

Description: Weakly arcuate, assymetrical spines up to about 5 mm in length; 
surface ornament of numerous (3 to 5 per mm) rounded longitudinal ridges 
separated by rather narrower interspaces, the anterior ridges tending to dilate 
regularly into rounded tuberculae, becoming in the nature of simple thorn-like 
spines towards the anterior margin; ornament occurring alike on the exserted and 
what is thought to be the inserted portion of the spine; increase of ridges by 
addition at the anterior (convex) margin and by rare branching; internal cavity 
opening near the base on the concave (posterior) portion of the spine, much as in 
Ctenacanthus. 

Discussion: There were 10 incomplete spines in the Ferguson collection from 
locality 2, variously identified by Frederick Chapman as Physonemus attenuatus 
Davis, P. micracanthus sp. nov. and P. sp. Though spines were found at 6 localities 
during the present investigation they were invariably incomplete, adding little to 
our knowledge of the fishes which bore them. It is necessary nevertheless to 
reconsider the affinities of the form identified as P. attenuatus and to reconsider the 
generic location of P. micracanthus. 

The specimen identified as P. attenuatus by Chapman is now No. P14363 in the 
type collections of the National Museum of Victoria. It is about 26 mm long and 
about 7 mm wide across the base. It was formerly broken in two at right angles to 
the spine and has been glued together. The break along the spine was through solid 
bone in the upper two-thirds revealing nothing of the surface ornament nor of the 
internal cavity. The surface ornament is revealed in the lower third, there being 
21 longitudinal ridges at the lower extremity of the spine. There is close corres¬ 
pondence between the lower part of this specimen and the lower parts of the larger 
spines in the present collections (e.g. PI. II, fig. 6-8). The upper parts of these 
specimens have precisely the same ornament and taper as the type specimens of 
P. micracanthus , which, moreover, are clearly broken spine tips. It is very likely 
that clearing of the bone from the upper two-thirds of the specimen identified as 
P. attenuatus would reveal the longitudinal ornament continuing towards the tip. 
There is little doubt then that the spines identified by Chapman as P. micracanthus 
and P. attenuatus came from the same species of fish. This fish could not have been 
P. attenuatus as the type and only specimen figured by J. W. Davis (1883, PI. 47. 
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fig. 10) is strongly bent, much more attenuate and more than 5 times as large as 
the slightly arcuate specimen so identified by Chapman. Identification is made even 
more difficult in that the base of the type specimen of P. attenuatus has been broken 
off and most of the spine is decorticated except near its longitudinally striated tip. 

The holotype of P. micracanthus is No. P14364 and the paratype No. P14365 
in the type collections of the National Museum of Victoria. The paratype is more 
slender and less falcate than the holotype. 

All the larger spines in the present collection have been etched in hydrochloric 
acid. These show the characteristic ornament extending without interruption from 
the base to the tip of the spine. It would appear there is no differentiation between 
exsert and insert portions of these spines though there is always the possibility that; 
even the largest specimens have been broken off above the inserted portion. How^ 
ever that may be, no parts of spine have been found with a differing type of; 
ornament which could be suggested as inserted portions. The larger spines show th^ 
internal cavity opening towards the concave side (Fig. 3; PI. II, fig. 7) near th^ 
base and for a considerable distance along this margin. 

The following features of the spines can be construed as being of generic import 
ance: the lack of bilateral symmetry, the apparent lack of a smooth inserted portion 
and the presence of an internal cavity opening towards the concave margin. 

The spines do not belong in Physonemus McCoy as that genus should b$ 
restricted to longitudinally ridged forms having a smooth inserted portion and 
having the medullary cavity of the spine opening towards the convex margin, i.e, 
having the spine arched forwards in contrast with most ichthyodorulite genera. 
Donald Baird (1957) has considered P. attenuatus Chapman non Davis to hav<; 
similar shape to Eristnacanthus McCoy, but this generic name should be restricted 
to spines like the type species, £. jonesi McCoy, bifurcating into slender branches. 
The non-marine Upper Devonian genus Striacanthus Hills (1931) has longitudinal 
ridges extending on to the inserted portion, but these ridges are not knotted, and 
the medullary cavity of this form is not known to open towards the concave margin 
as it does in 'iV micracanthus . 

In the literature available to me in Australia I have been unable to find a generic 
name which could be used to accommodate this species. Rather than erect a ne\y 
generic name for it I have preferred to leave the species as incertae sedis in 
Physonemus until such time as better material, or preferably a more intergrated 
organism, is to hand. 

Localities: 1, 2, 3, 4, 4a. 

Unidentifiable Fish Spines 

The collections contain small scraps of fish spine, too incomplete or too poorly 
preserved for certain identification as *P! micracanthus , though there is no good 
reason for considering any other species of fish to be represented by these spines. 

Localities: 1, 2, 3, 4, 4a, 12. 

Fig. 2—Outline and profile of Ostracoda gen. & sp. indet. B, GSV 54613, x 12 - 5, from 

locality 6 of the Silverband Formation. The profile of the hinge depression or possible 
overlap is shown in the second figure. 

Fig. 3—Cross sections x 12-5 of a spine of Physonemus * micracanthus Chapman, 

showing the assymmetry and the medullary cavity opening towards the back; locality 2 

of the Silverband Formation. 

Fig. 4—Elasmobranch dermal denticles from locality 6a of the Silverband Formation, 

x 50 approximately. 
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Elasmobranch Teeth 

(PI. II, fig. 2, 3, 8) 

Description: 3 solitary teeth, the largest about 5 mm in length, all firmly 
embedded in matrix and broken to show 4 cusps; 2 cusps directed more or less 
vertically, one inclined ‘anteriorly’ at about 45° and the other inclined ‘posteriorly’ 
at about 60° to the vertical, the arrangement of the cusps having the appearance of 
a small cemented whorl of shark teeth. 

Discussion : The randomness of the sections through these teeth and the resist¬ 
ance to attempts to clear them with acids prevents formulation of a satisfactory 
picture of their appearance in 3 dimensions. One specimen, from locality 2, occurs 
alongside the specimen identified by Chapman as P. attenuatus (National Museum 
of Victoria No. P14363). It is about 3 mm long, differing from the largest specimen 
here illustrated (PI. II, fig. 2, 3) in having a very small ‘anterior’ cusp. This may 
well be due to the angle of fracture. The fourth specimen, now more or less 
destroyed by attempts to clear it with acids, was approximately the same size and 
shape as the second specimen here illustrated (PI. II, fig. 8). 

Localities : 2, 3. 

Elasmobranch Dermal Denticles 

(Fig. 4) 

Description : Small, almost bilaterally symmetrical, trilobate, tricuspate tooth¬ 
like structures up to 0 9 mm in length and 04 mm in width; cusps sharply pointed 
with central cusp considerably longer and stronger than lateral cusps; median lobe 
much wider and stronger than lateral lobes and generally having a flattened upper 
surface bearing a shallow median depression ; grooves between lobes with flatly 
rounded bottoms; occasional specimens showing a further incipient pair of cusps 
(Fig. 4A). 

Discussion : Descriptions of Devonian and Carboniferous sharks contain oc¬ 
casional mention of the presence of patches of dermal denticles, but there are few 
descriptions or figures of individual denticles. Tricuspate dermal denticles, for 
instance, are by no means uncommon. They have been figured by B. Dean (1909) 
for the Upper Devonian cladoselachian Cladoselache fyleri Dean and by A. S. 
Woodward (1902) for the Lower Carboniferous hybodontoid Tristychins arcuatus 
Agassiz and the Upper Jurassic heterodontoid Hctcrodontus jalcijer Wagen. There 
is little doubt that the denticles belong to a shark-like fish either of the order of 
Cladoselachii or the order Selachii, but no further precision can be attempted as to 
its generic affinities. Having regard to the inherent variability of dermal denticles 
on different parts of the body of a shark, no attempt at naming them as parataxa 
appears justified. 

The denticles are poorly preserved and difficult to extract. 

Locality : 6a. 
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Explanations of Plates 

Plate I 

Fig. 1-5— Lingula borungensis (Chapman). 5 specimens showing the morphology, the more 
acuminate and less acuminate forms (? pedicle and brachial valves respectively) 
and the close spacing of the concentric growth lirae; fig. 1, 2, 5—x 18, fig. 3, 4—x 10. 
All specimens are from locality 3 and are GSV 54892-46, 54892a-l, 57900, 57902 and 
54891-1 respectively. 

Fig. 6—Worm? trails. Loc. 9, Silverband Formation, unit 1, x 1. 

Plate II 

Fig. 1—Ostracoda gen. & sp. indet. A. Moulds of carapaces, x 3; specimen GSV 54898 from 
locality 7. 

Fig.2,3—Elasmobranch tooth, counterparts GSV 58219 and 58218 respectively; locality 3; x 5. 

Fig. 4-7— Physonemus micracanthus Chapman. Moulds of spines, x 5; specimens GSV 5447a 
5447b from locality 1 and GSV 57826 and 57827 from locality 2 respectively. 

Fig. 8— Physonetnus micracanthus Chapman and mould of an elasmobranch tooth GSV 13100 
locality 2, x 5. 
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FURTHER STUDIES OF THE TERTIARY OTOLITHS 
OF VICTORIA, AUSTRALIA 

By F. C. Stinton, fimlt 


Abstract 

Descriptions of the otoliths of 3 new teleosteans are given, together with a record of the 
occurrence at many new localities of the species previously described by the author in 1958. 
Taxonomic notes are also included. 


Introduction 

Since the publication of descriptions of Tertiary teleost otoliths from strata in 
Victoria, Australia, in 1958, a further series of otoliths has been submitted by the 
National Museum of Victoria to the author for examination. These establish the 
occurrence, at many new localities, of species already described. In addition, 3 new 
forms are represented and these are described hereunder. 

The following analysis of the 299 specimens received records their frequency and 
the localities at which they occur: 

Janjukian (No. of specimens given in brackets after each name.) 

(a) Bird Rock Cliffs (zone 3), Torquay. F. A. Cudmore Colin. 

Sillago pliocaenica Stinton (2) 

(b) Spring Cr. (Ledge), Torquay. T. S. Hall Colin. 

Megalops lissa Stinton (7) 

Pterothrissus pervetustus Stinton (5) 

Uroconger rectus (Frost) (16) 

Hetercnchelys regular is Stinton (1) 

Coelorhynchus elevatus Stinton (13) 

Merluccius fimbriatus Stinton (2) 

Gadus refertus Stinton (1) 

Ophidian granosum Stinton (6) 

Cleidopus cavernosus Stinton (1) 

Trachichthodes salebrosus Stinton (1) 

Sillago pliocaenica Stinton (76) 

(c) Gellibrand. T. S. Hall Colin. 

Hetercnchelys regularis Stinton (2) 

Trachichthodes salebrosus Stinton (3) 

Balcombian 

(d) Section 2B, Murgheboluc. F. A. Cudmore Colin. 

Hetercnchelys regularis Stinton (3) 

Trachichthodes salebrosus Stinton (1) 

(e) Tunnel Dump, Fyansford. F. A. Cudmore Colin. 

Hetercnchelys regularis Stinton (1) 

Uroconger rectus (Frost) (1) 

Trachichthodes salebrosus Stinton (1) 

(f) Grice’s Cr., Mornington. F. A. Cudmore Colin. 

Hetercnchelys regularis Stinton (5) 

Coelorhynchus elevatus Stinton (3) 

Gadus refertus Stinton (1) 

Merluccius fimbriatus Stinton (16) 

Ophidion granosum Stinton (2) 
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Jordanicus exiguus Stinton (3) 

Cleidopus cavemosus Stinton (2) 

Trachichthodes salebrosus Stinton (3) 

Antigonia jornicata n. sp. (1) 

Sillago pliocaenica Stinton (2) 

Scbastodes fissicostatus n. sp. (4) 

(g) Inverleigh. F. A. Cudmore Colin. 

Hctcrenchelys regular is Stinton (1) 

Ophidion granosutn Stinton (1) 

(h) Clifton Bank, Muddy Cr., Hamilton. T. S. Hall Colin. 

Hypomesus glaber n. sp. (1) 

Heterenchelys rcgularis Stinton (12) 

Merluccius fimbriatus Stinton (1) 

Sillago pliocaenica Stinton (43) 

Scbastodes fissicostatus n. sp. (1) 

(i) Hexham. T. S. Hall Colin. 

Sillago pliocaenica Stinton (1) 

(j) Filter Quarries, Spring Cr., Birregurra. T. S. Hall Colin. . 

(Specimens from the three localities in one tube and not separable. Janjukian- 

Batesfordian.) 

Hetcrenchelys rcgularis Stinton (3) 

Ophidion granosutn Stinton (1) 

Trachichthodes salebrosus Stinton (5) 

Sillago pliocaenica Stinton (9) 

Lactarius tumulatus Stinton (5) 

(k) Exposure on road by Cheese Factory, Port Campbell. T. S. Hall Colin. 

Trachichthodes salebrosus Stinton (4) 

(l) Grice’s Cr., Mornington. T. S. Hall Colin, (from F. Chapman) 

Bregmaceros minutus Stinton (3) 

Ophidion granosutn Stinton (1) 

Bairn sdalian 

(m) Rutledge’s Beach, Port Campbell, T. S. Hall Colin. 

LJroconger rectus (Frost) (1) 

Sillago pliocaenica Stinton (3) 

Chelten h ami an 

(n) Beaumaris (above nodule bed). F. A. Cudmore Colin. 

Sillago pliocaenica Stinton (17) 

Lactarius tumulatus Stinton (1) 


Systematic Description of Species 

Sub-Class ACTINOPTERYGII 
Super Order Teleostei 
Order Isospondyli 
Family Elopsidae 
Genus Megalops Lacepede 1803 
Megalops lissa Stinton 1958 

Locality: (b). 


Family Pterothrissidae 
Genus Pterothrissus Hilgendorf 1877 
Pterothrissus pervetustus Stinton 1958 


Locality: (b). 
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Family Argentinidae 
Genus Hypomesus Gill 1862 
Hypomesus glaber n. sp. 

(Fig. 1) 

Holotype: Nat. Mus. Viet. P21832. Left sagitta otolith, inner face, x 6. Clifton 
Bank, Muddy Cr., Hamilton, Viet., T. S. Hall Coll. 

Dimensions: Length 3*96 mm. Width 2*76 mm. Unique specimen. 

Description : A thickened, ovate, left sagitta otolith. Dorsal rim flattened and 
faintly scalloped; vertical, short, faintly scalloped posterior rim; rounded, finely 



serrated ventral rim; oblique, notched anterior rim. Smooth, thickened outer face 
with faint, short radial ribs on the dorsal, posterior and postero-ventral rims. 
Anterior part of the ventral rim strongly compressed to form a narrow, prominent 
shelf. A smooth, convex inner face with a median sulcus opening on the anterior rim 
and not quite reaching the posterior rim. Sulcus consisting of a short, narrow, 
triangular ostium which tapers to a point at its junction with the somewhat wider, 
deeper and long cauda. Cauda tapering to a slightly turned-down point at its 
extremity. Indistinct upper and lower angles at junction of ostium and cauda. Crista 
superior accentuated by a shallow depression above it. Prominent rostrum; anti¬ 
rostrum accentuated by a notch. Slight excisura. No colliculi present. 

This otolith compares well with otoliths of the living Hypomesus japonicus 
Brevoort, both in the characters of the sulcus, the pronounced rostrum and the 
general outline but it differs in the higher anterior end of the dorsal rim. 

Order Apodes 
Family Concridae 

This family is assigned to Leptocephalidae by Munro ("Handbook of Australian 
Fishes’) but this is invalid for the following reasons: In Opinion 44 of the Inter¬ 
national Rules of Zoological Nomenclature, the Commission recognized Leplo - 
cephalus Gronovius 1763, as the genus for conger eels. However, in Opinion 93 this 
was reversed and the Commission recognized the genus Conger Cuvier 1817, desig¬ 
nating the name Leptocephalus to the larval forms. Direction 87 of the International 
Commission on Zoological Nomenclature, February 1958, deleted the name Conger 
Cuvier 1817, as ruled in Opinion 93, from the official list of generic names in zoology 
and in its place inserted Conger Oken 1817 (gender: masculine) with the type 
species Muraena conger Linnaeus 1758 by absolute tautonomy. 

Genus Uroconger Kaup 1856 
Uroconger rectus (Frost) 1928 

Localities: (b), (e), (m). 
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Family Heterenchelyidae 

Genus Heterenchelys Regan 1912 
Heterenchelys regularis Stinton 1958 
Localities: (b), (c), (d), (e), (f), (g), (h), (j). 

Order Anacanthini 
Family Merlucciidae 

Genus Merluccius Refinesque 1810 
Merluccius fimbriatus Stinton 1958 
Localities: (b), (f), (h). 

Family Gadidae 

Genus Gadus Linnaeus 1758 
Gadus refertus Stinton 1958 

Localities: (b), (f). 


Family Bregmacerotidae 
Genus Bregmaceros (Cantor) Thompson 1840 
Bregmaceros minutus Stinton 1958 

Locality: (1). 

Family Corypiiaenoididae 
Genus Coelorhynchus Giorna 1803 
Coelorhynchus elevatus Stinton 1956 
Localities: (b), (f). 

Sub-order Ophidioidea 

the changed position of this sub-order in the systematics 

Family Carapidae 

Genus Jordanicus Gilbert 1905 
Jordanicus exiguus Stinton 1956 

Family Opiiidiidae 

Genus Ophidion Linnaeus 1758 
Ophidion granosum Stinton 1958 
Localities: (b), (f), (g), (j). 


(For reasons for 
Stinton.) 


Locality: (f). 


see 
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Order Berycomorphi 
Family Monocentridae 

Genus Cleidopus de Vis 1883 
Cleidopus cavernosus Stinton 1958 

Locality: (f). 


Family Trachichthyidae 
Genus Trachichthodes Gilchrist 1903 

In 1911 McCulloch ( Biol. Res. Endeavour I (1)) placed affinis, gerrardi and 
lineatus in Austroberyx gen. nov., selecting affinis as the type. However, Barnard 
(Ann. S. Afr. Mus. 21: 363, 1925) remarks that T. spinosus, Gilchrist’s type for 
his genus Trachichthodes is so close to T. lineatus Cuv. et Val., that it seems scarcely 
worthy of specific rank. In 1948 Whitley (Fish. Bull. W.A. 2: 16) renamed 
Trachichthodes affinis Centroberyx affinis but gave no reasons for the change in 
nomenclature. This latter name was also used by Munro in ‘The Handbook of 
Australian Fishes’ (Fisheries Newsletter) but again no reason is offered for the 
change. It should be noted that the orthotype of Centroberyx Gill (Proc. Acad. Nat. 
Sci. Philad. 1862: 238) is Beryx lineatus Cuv. et Val., and that Munro has retained 
lineatus in the genus Trachichthodes. Regan (Ann. Mag. Nat. Hist. (9) VII, 1921: 
4, PI. I) places affinis in the genus Hoplopteryx in the Berycidae while Roule 
(1924) makes Trachichthodes, Austroberyx and Hoplopteryx all synonyms of 
Centroberyx Gill. However, as Hoplopteryx is the oldest genus this cannot be a 
synonym of Centroberyx. 

A study of the otoliths of I rachichthodes affinis proves conclusively that this 
species is not referable to the Berycidae sensu stricto but, in fact, is closely allied to 
the Monocentridae. Comparisons between the otoliths of the above species and those 
of Monocentris japonicus show sufficient distinctions for separation of the two 
groups and, with the evidence at present available, it is considered that Trachich¬ 
thodes is the valid genus for affinis. 

Trachichthodes salebrosus Stinton 1958 

Localities: (c), (d), (e), (f) ,(j), (k). 


Family Caproidae 
Genus Antigonia Lowe 1843 
1843 Antigonia Lowe Proc. Zool. Soc. Lond. 85. 

Antigonia fornicata n. sp. 

(Fig. 2) 

Holotype: Nat. Mus. Viet. P21831. Right sagitta otolith, inner face, x 6. 
Grice’s Cr., Mornington, Viet. F. A. Cudmore Coll. 

Dimensions: Length 7 07 mm. Width 7 67 mm. 

Description : A high, oval right sagitta otolith, higher than it is long. Dorsal 
rim short, rather flattened; high, rounded, slightly lobed posterior rim; deeply 
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rounded ventral rim, slightly denticulated on the posterior half; obtuse anterior rim 
with a very slight, rounded notch near its junction with the ventral rim. The slightly 
concave outer face is rugose, somewhat thickened and there is an irregular vertical 
groove extending from the dorsal rim to the centre of the otolith. A smooth, convex 
inner face with an horizontal sulcus traversing the otolith slightly above the mid-line* 
opening on the anterior rim and not quite reaching the posterior rim. The sulcus 
consists of a wide, shallow, oval ostium and a slightly longer, shallower cauda which 
is not so wide as the ostium and follows a slightly upward course. The cauda. 
expands slightly near the posterior end but then tapers sharply to a rounded point. 
Junction of ostium and cauda marked by a prominent lower angle, accentuated by 
the depth of the ostium, and a slight, obtuse upper angle. Crista superior accentuated 
by a slight depression above it. A deep, semicircular lower area. No rostrum but a 
very slight antirostrum and excisura present. No colliculi. 



Fig. 2 


A cursory examination suggests that this otolith is referable to the Mono- 
centridae but the sulcus differs materially from that seen in the otoliths of this 
family. In the genus Antigonia , however, the sulcus is very similar indeed to that 
of the fossil form which differs from the sagitta otolith of Antigonia capros Lowe, 
only in being more circular in outline. 

A comparison of the otoliths of Antigonia capros Lowe, with those of Capros 
aper Linnaeus, shows that the former have marked Berycoid features which are not 
seen in the otoliths of the latter species. For this reason it is considered that 
Antigonia should be included in the Berycomorphi. 

Order Percomorphi 
Sub-Order Percoidea 
Family Sillaginidae 

Genus Sillago Cuvier 1817 
Sillago pliocaenica Stinton 1952 
Localities: (a), (b), (f), (h), (i), (j), (m), (n). 
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Family Lactariidae 

Genus Lactarius Cuvier et Valenciennes 1883 
Lactarius tumulatus Stinton 
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Localities: (j), (n). 


Order Scleroparei 
Family Scorpaenidae 
Genus Sebastodes Gill 1861 


1861 Gill Proc. Ac. Nat. Sci. Phila. 165. 


Sebastodes fissicostatus n. sp. 


(Fig. 3) 


Holotype: Nat. Mus. Viet. P21822. Left sagitta otolith, inner face, x 6. Grice’s 
Cr., Mornington, Viet. F. A. Cudmore Coll. 

Paratypes: P21823-5, Grice’s Cr., F. A. Cudmore Coll. P21826, Clifton Bank, 
Muddy Cr., Hamilton, Viet., T. S. Hall Coll. 

Dimensions: Length 7 33 mm. Width 4-65 mm. 

Description: An elliptical, left sagitta otolith. The rounded, short, scalloped 
dorsal rim is continuous with the posterior rim which is notched near the posterior 
point of the otolith; rounded ventral rim; short, oblique anterior rim, notched at 
the opening of the sulcus. Concave outer face ornamented with radial scalloping on 



Fig. 3 


the dorsal area which is slightly more hollowed-out than the ventral area. A small 
groove runs from the anterior rim to a central umbo. Convex inner face with a 
prominent median sulcus opening on the anterior rim and not quite reaching the 
posterior end of the otolith. Sulcus consisting of a rather short, deep, narrow, 
somewhat triangular ostium which is turned downwards, and a rather sinuous, 
horizontal, slightly narrower cauda which is slightly expanded near its posterior 
end, becoming slightly hooked at its termination. The crista superior and crista 
inferior are continuous in each case, the junction of ostium and cauda being marked 
only by a slight narrowing of the cristae. The crista superior is accentuated by a 
shallow depression above it, the depression being traversed by radiating ridges to 
the dorsal rim. A prominent rostrum, antirostrum and excisura present. No colliculi. 
A wide, smooth, semicircular area below the crista inferior. 






20 


F. C. STINTON: 

This otolith shows an affinity with those of the genus Sebastodes Gill, especially 
the Californian species Sebastodes paucispinis Ayres, in its characteristic sulcus and 
the ornamented area above the sulcus. The otolith of the living species, however, is 
more elongate. 


Conclusions 

The accompanying tables summarize the stratigraphical range of the fossil teleosts 
of Victoria, represented by their otoliths, and their relationship to living species is 
also shown. It will be seen that most of the species have a moderate range while a 
few of them extend throughout the entire range of strata so that otoliths are of little 
zonal value. 

In their relationship to living teleosts, a number of genera are still represented 
in Australian waters. With the exception of Gadus, which ranges from cold to 


Table 1 

Stratigraphical Range of Teleosts Represented by Otoliths 


Species 

Janjukian 

Longfordian 

Batesfordian 

Balcombian 

Baimsdalian 

Cheltenhamian 

Kalimnan 

Megalops lissa S tin ton 




X 




Hypotnesus glaber Stinton 




X 




Pterothrissus pervetustus 








Stinton 

X 







Heterenchelys regularis Stinton 

X 



X 




Muraenesox obrutus Stinton 




X 




Uroconger rectus (Frost) 

X 



X 

X 


X 

Astroconger rostratus Stinton 

X 







Merluccius fimbriatus Stinton 

X 



X 




Gadus refertus Stinton 

X 



X 




Bregmaceros minutus Stinton 




X 




Coelorhynchus elevatus Stinton 

X 



X 




Jordanicus exiguus Stinton 




X 




Ophidion granosum Stinton 

X 



X 




Monocentris sphaeroides 








Stinton 




X 




Cleidopus cavernosus Stinton 

X 



X 




Trachichthodes salebrosus 








Stinton 

X 



X 




Antigonia fornicata Stinton 


• 


X 




‘ PercidarunC clivosum Stinton 




X 




Sillago pliocaenica Stinton 

X 



X 

X 

X 

S. Aust. 

Lactarius tumulatus Stinton 




X 


X 


Platycephalus petalis Stinton 





X 



Sebastodes fissicostatus Stinton 




X 




Pleuronectes vulsus Stinton 




X 































Table 2 

Relationship of Fossil Telosts to Living Species 
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subtropical waters in the northern hemisphere, all the genera are tropical in their 
habitats, although Merluccius and Coelorhynchus are confined to the benthic zones 
in tropical seas. The addition to the list of the 3 new species does not materially alter 
the conclusions postulated by the author in 1958. Antigonia is a pelagic form whil^ 
Hypomesus and Sebastodes inhabit littoral zones so that all could be found at; 
varying depths. 
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NUT-LIKE IMPRESSIONS ATTRIBUTED TO AQUATIC 
DICOTYLEDONS FROM VICTORIAN MESOZOIC SEDIMENTS 

By J. G. Douglas 
Department of Mines, Victoria 


Abstract 

Nut-like impressions comparable with the dicotyledonous genus Hemitrapa Miki, hitherto 
unrecorded from pre-Tertiary deposits, are described from 3 localities in Victorian Mesozoic 
sediments and their stratigraphical and ecological implications discussed. 

Introduction 

Fructifications and seeds were recorded in the earliest collections of Victorian 
Mesozoic plants, but have been only perfunctorily described as academically inter¬ 
esting but stratigraphically valueless fossils. The impressions of nut-like organisms 
described below are from 3 widely separated localities (Fig. 1) and afford a means 
of comparison of the beds concerned. 

Description of Types 

ANGIOSPERMOPHYTA 

Dicotyledoneae 

Hemitrapa? sp. 

(PI. Ill, fig. 2-5; PI. IV, fig. 3, 4) 

Occurrence: South Gippsland — Gemmiirs Hill, Madalya Road, Co-ords 
Mirboo North Military Sheet 4446E, 2562N. Koonwarra road cuttings South Gipps¬ 
land Highway, Co-ords Wonthaggi Military Sheet 3966E, 2457N. 

Specimens Identified: Geological Survey of Victoria Reg. No. 58230, 58232, 
58229, 58228 (counterpart), 58226, 58646 (counterpart), 58569, 58570 (counter¬ 
part), 58649?, 58238?, 58568? (counterpart), all Gemmiirs Hill. Some 30 speci¬ 
mens have been recognized. Collected March 1959. 58644, Koonwarra, single speci¬ 
men only, collected February 1962. 

Rock Type: Gemmill’s Hill specimens — very soft, fine-grained buff yellow silt- 
stone with plant impressions. 

Koonwarra specimen — yellow-brown laminated mudstone with plant and animal 
remains. 

Description : Small spindle-shaped nut-like body with portion interpreted as 
receptacle elongated into 2 long, sometimes recurved, unbranched appendages, often 
more than twice the length of the body. Sheathing tissues or coarse hairs at the top 
of the nut form a conical capping, and the base lacks a peduncle. 

Dimensions: Length of nut — maximum 3 mm. Length of appendages—maxi¬ 
mum 7 mm. 


23 


24 


J. G. DOUGLAS: 



Fig. 1—Locality map showing occurrences of nut-like fruits in Mesozoic sediments, 

Victoria, Australia. 


Discussion: A group of fossil remains previously classified under Trapa 
Linnaeus, a genus with present day representatives, was separated by Mild (1952) 
into Hemitrapa Miki 1941, a genus described from fruits in the form of spindle- 
shaped and appendaged nuts. Hemitrapa was grouped with Trapella Oliver in a 
new family Trapellaceae and the South Gippsland remains compare best with fossils 
from this group. No described species of Hemitrapa corresponds with the Victorian 
forms, although the widespread H. borealis (Heer) Miki, which may he up 
to 8 times larger, appears to be distinguished on size alone. Features such as 
appendage form, length and number enable ready distinction between species, but 
other less obvious features such as the proportion of fruit sheathed by receptacle 
tissue, and the presence or absence of apical hairs or sheathing tissue require some 
interpretation. 

Preservation as impressions ensures that important details of internal anatomy 
cannot be resolved, and interpretation of structure must be based on external 
morphology. 

The appendages in these South Gippsland specimens are interpreted as extensions 
of receptacle tissues as in Hemitrapa , and the sheathing tissue or coarse hairs around 
the top of the nut are similar to the hairs described by Miki (1952). 

The evidence for classification within the genus Hemitrapa is summarized in 
Table 1, where prominent characteristics of comparable Trapa and Hemitrapa species 
are listed for comparison with the Victorian specimens. Some difficulty in classi¬ 
fication is presented by the lack of anatomical evidence for nut fruit character. How¬ 
ever, the specimens correspond so closely to H. borealis (except for size difference) 
that tentative determination within the genus as interpreted by Miki (1952) appears 
warranted. This size difference, however, is regarded as sufficient to preclude 
determination on a ‘Cf/ H. borealis basis. New specific nomenclature is not advocated 
because of the relatively poor preservation, and the inadvisability of specific distinc¬ 
tion on size alone. 

The vegetation bearing these fructifications is unknown, and no angiosperm 
leaves have been described from the eastern Victorian Mesozoic. Associated at 
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Gemmill’s Hill are a number of seed impressions and a very few leaves, including 
Phyllopteroides dentata Medwell. Although the affiliations of these remains are 
unknown, they are generally classified with groups more primitive than the angio- 
sperms, and are not likely to have shed the fructifications. 

Three tentatively identified specimens are listed. These consist of small branched 
stems and attached organs, but their relationship to Hemitrapa ? sp. is not yet es¬ 
tablished. 

Cf. Hemitrapa sp. 

(PI. Ill, fig. 1, 6, 7; PI. IV, fig. 1, 2) 

Occurrence: Western Victoria—Koroit (Yangery No. 1 bore 4320-4330 ft). 

Specimens Identified : Geological Survey of Victoria Reg. No. 57807, 58654, 
58655, 58656, 58657, and 58658 (counterparts), 58569, 58660, 58661. Some 170 
specimens have been recognized. Isolated by author from core received September 
1960. 

Rock Type: Hard, blue-grey siltstone with plant impressions. 

Description : Small nut-like body with portion interpreted as receptacle appar¬ 
ently elongated into 2 straight or slightly recurved, unbranched appendages, some¬ 
times twice body length. The appendages diverge from shoulders at the apical region 
which may possess a small crown or protruberance. The base lacks a peduncle. 

Dimensions : Length of nut—1-2 mm. Length of appendages—maximum 5 mm. 

Discussion: These remains differ in form to some extent from the eastern 
Victorian Hemitrapa ? fruits and are generally a little smaller. Preservation is finer, 
and in the form of black carbonaceous impressions, with nut-like form more strongly 
indicated (PI. IV, fig. 1,2), but interpretation of structure is difficult because of the 
grain and flaky nature of the carbonaceous material. Treatment with Schulze’s 
oxidizing reagent on a hot plate resulted in the isolation of some acid insoluble 
tissues, but this, derived from the external portion of the nut, was of no assistance in 
the elucidation of internal anatomy. 

The remains are again interpreted as a bi-appendaged nut with the appendages 
derived from receptacle extensions. However, they arise from near the top of the nut, 
which generally possesses a small projecting protruberance or crown (PI. Ill, 
fig. 6; PI. IV, fig. 1). The apex of the nut does not form a conical capping above 
the shoulder of the appendages as in the South Gippsland forms. 

The broad spindle shaped nut-like body bearing long appendages, affinity with 
the Hemitrapa-Trapa group, and apical protruberance reminiscent of stylar remnant 
are best evidence for a fructification nature. Some present day reproductive organs 
e.g. (Rosaceae, Chenopodiaceae) show similarity in size, but the pre-Upper Tertiary 
record of these is dubious, and they differ from the fossil types in body and appen¬ 
dage form. The features in common with the Gippsland specimens determined as 
Hemitrapa ?, in addition to the absence of an apical sheath or hairs, again render a 
tentative classification advisable. Comparative nomenclature with reference to T. 
silesiaca Goeppert (Table 1) is not warranted because of the greater size and com¬ 
paratively shorter appendages of this latter species, and the possibility that this and 
other smaller specimens attributed to Trapa (e.g. T. credncri Schenk) bear no real 
relationship to the present day genus. 

Institution of a new form genus at this juncture is regarded as unnecessary and 
contributory to the overspeciation already existing in palaeobotanical nomenclature. 

Affiliation with aquatic vegetation is substantiated by the presence in the same 
c 
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core (Yangery No. 1 bore, 4320-4330 ft) of leaves of Hydrocotylophyllum lusitani- 
cum Teixeira (Douglas 1963). This species, possibly affiliated with the present day 
Hydrocotyle asiatica Linnaeus, has similar leaf form to certain Trapella species, 
e.g. T. sinensis Oliver, but is not likely to be the source of the nuts as it is separated 
by 6 inches of sediment. Phyllopteroides dentata leaves are also associated in this 
core, but do not occur in the bedding planes of the aquatic fruit or leaf remains. 

Table 1 

Some characteristics of Victorian nut-like fruit remains compared with overseas forms. 


Fruit 

description 

GemmilTs 

Hill 

specimens 

Yangery 

specimens 

Koonwarra 

specimen 

Trapa 

silesiaca 

Goeppert 

Hemitrapa 
borealis 
(Heer) Miki 

Hydro¬ 

cotylo¬ 

phyllum 

lusitanicum 

Teixeira. 

Length of 
body 

Maximum 

3 mm 

Maximum 

2 mm 

1.6 mm 

Much longer 
than Viet, 
forms 

Much longer 
than Viet, 
forms 

Fruit unknown, but on affiliation with Hydrocotyle asiatica, 

possibly schizocarp in two mericarp form 

J 

Nut shape 

Spindle 

Expanded 

spindle 

Spindle 

Expanded 

spindle 

Spindle 

Peduncle 

Absent 

Absent 

Absent 

Apparently 

present 

Sometimes 

present 

Form of apex 

Hairs in 

conical 

arrangement 

Small crown? 
Stylar 
remnant? 

Hairs in 

conical 

arrangement 

Small crown? 

Hairs in 

conical 

arrangement 

Appendages: 

Number 

2 

2 

2 

2 

2 

Form 

Elongated 

strongly 

recurved 

non-bristled 

Elongated 

somewhat 

recurved— 

straight 

apparently 

non-bristled 

Somewhat 
recurved— 
straight 
non-bristled 

Short. 

straight 

sometimes 

bristled 

Short, 

somewhat 

recurved 

non-bristled 

Length from 
point of 
divergence 
from body 

Max. 7 mm 

Max. 6 mm 

2 mm 

Not longer 
than 

nut length 

Generally 
not longer 
than 

nut length 

Derivation 

Interpreted 
as extension 
of receptacle 

Interpreted 
as extension 
of receptacle 

Interpreted 
as extension 
of receptacle 

Extension 
of receptacle 

Extension 
of receptacle 


General Remarks 

Although generic relationship has not been positively established the close 
relationship between the two forms discussed is a striking feature of the deposits. 
This is the first record of fruits referable to the angiosperms in pre-Tertiary deposits 
in Victoria, and along with Hydrocotylophyllum indicates the presence of an exten¬ 
sive angiosperm element in the floras of the time. This angiosperm element (from 
the 3 localities discussed) is regarded as aquatic because of comparison with the 
aquatics Hemitrapa and Trapa, the co-fossilization with leaves determined as 
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Hydrocotylophyllum , and peculiarities of deposition including fossilization ‘en 
masse’ (see below) and preservation apart from other members of the extensive 
Victorian Mesozoic flora. 

In the two principal deposits (Yangery and Gemmill’s Hill) the profuseness of 
the nuts in close proximity indicates that fossilization took place either at the locality 
of growth (most present day Trapa species shed nuts which sink immediately 
beneath the plant (Miki 1959)), or that the fruits were liberated from a nearby 
plant after transport. In both cases the parent plant should be in close proximity. At 
Yangery the co-fossilized Hydrocotylophyllum is a possible parent plant, but the 
actual specimen isolated was unlikely to have shed the fruits for the reason detailed 
above. Also this genus, if truly related to Hydrocotyle , would be expected to bear 
dry schizocarps in two mericarp form. 

The Hydrocotylophyllum- Cf. Hemitrapa-Phyllopteroides dentata assemblage 
provides an extension of this theory with the possibility that all these remains are 
organs from one species. The present day genus Trapella (classified with Hemitrapa 
in Trapellaceae, or Pedaliaceae (Oliver 1888) has a vegetative body with floating 
leaves similar to Hydrocotylophyllum , and subaqueous leaves of form similar to 
P. dentata. However, apart from the considerations discussed above, the venation of 
P. dentata. indicates that it belongs to a non-dicotyledonous group. 

Falynological studies in both localities have not resulted in the isolation of 
pertinent microfossils. Any number of theories could explain this, but evidence 
provided by the presence of mature ? fruits indicates that the pollen production period 
had ended, with previously shed material removed earlier by the dispersal agencies 
characteristic of the aquatic environment. The absence of dicotyledonous pollens 
from Victorian deposits of a similar age (see ‘Age of Sediments’ below) has been 
commented upon by Cookson (pers. comm.). Apart from the fact that the Gemmill’s 
Hill and Yangery remains are in upper beds of the non-marine Mesozoic formation 
which have not been extensively palynologically sampled, the absence may be 
explained by pollen dispersal peculiarities inherent in a possible aquatic flora. 

The lone Hemitrapa ? specimen recorded from Koonwarra could be regarded as 
an erratic carried from afar, although there is no evidence for or against this theory. 
However, discussion of the nature of this assemblage and accompanying very finely 
preserved fish remains is idle, as very little is yet known of either. 

Age of Sediments 

The fruits, at best determined only tentatively to generic status, give little aid to 
precise geological dating of the sediments, but they do indicate that these are not 
pre-Cretaceous. The fossil record of Hemitrapa and Trapa -like fruits is almost 
entirely restricted to the Tertiary, but these Victorian remains are found in sediments 
well established on macro- and micro-plant remains as Mesozoic. 

Dettmann (1959) and Cookson and Dettmann (1958) regard the bulk of this 
Mesozoic as Lower Cretaceous, although admitting the possibility of the lowest 
members of the sequence to be ‘uppermost Jurassic’. No Victorian non-marine 
Mesozoic beds have been dated as younger than Lower Cretaceous. Douglas (1963) 
dates the Yangery Hydrocotylophyllum and Cf. Hemitrapa bed as Lower Cre¬ 
taceous, and as the Gemmill’s Hill beds are at the top of an extremely thick 
Mesozoic sequence with a floral assemblage indicating some contemporaneity with 
the former, I regard these also as Lower Cretaceous. Elucidation of the ecological 
relationships and dating of the Koonwarra beds will be facilitated when a study of 
the fossil fauna and flora has been completed but at the present, on the basis of the 
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palynological work of Cookson and Dettmann, these also are regarded as Lower 
Cretaceous. 

Conclusions 

Although also probably representing an environmental or facies relationship, th^ 
floras of Gemmiirs Hill and Yangery are sufficiently similar to postulate con^ 
temporaneous deposition. 

The dicotyledonous floral assemblage attributed to an aquatic environment may 
thus represent a stratigraphically valuable marker in the as yet undifferentiated 
mass of the Victorian non-marine Mesozoic. 

Note: Subsequent to the preparation of the manuscript numerous other specimens of th^ 
form determined as Hemitrapa} sp. have been isolated by Miss Elizabeth Carroll, research 
student, from the Melbourne University Geology Department collection of Koonwarra material. 
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Explanation of Plates 

Plate III 

Fig. 1—Cf. Hemitrapa sp. Yangery No. 1 bore, 4320-30 ft, Reg. No. 58656, x 10. Specimens 
and fragments scattered on bedding plane. 

Fig. 2—Hemitrapa ? sp. Gemmill’s Hill, Reg. No. 58229, x 10. Three specimens on uneven 
bedding plane. 

Fig. 3— Hemitrapa ? sp. Gemmill’s Hill, Reg. No. 58226, x 11. 

Fig. A—Hemitrapa ? sp. Gemmill’s Hill, Reg. No. 58228, x 10. 

Fig. 5— Hemitrapa ? sp. Koonwarra, Reg. No. 58644, x 11. 

Fig. 6—Cf. Hemitrapa sp. Yangery No. 1 bore, 4320-30 ft, Reg. No. 58657, x 11. 

Fig. 7—Cf. Hemitrapa sp. Yangery No. 1 bore, 4320-30 ft, Reg. No. 58656, x 11. Counterpart 

of Reg. No. 58657 (Fig. 6). 

Plate IV 

(Drawings by Miss M. Hall — Department of Mines, Victoria) 

Dark patches represent areas of unflaked carbonaceous material. Compare with 
photographs (Plate III) as directed below. 

Fig. 1—Cf. Hemitrapa sp. Yangery No. 1 bore, 4320-30 ft, Reg. No. 58657, x 16. Cf. PI. Ill, 
fig. 6. 

Fig- 2—Cf. Hemitrapa sp. Yangery No. 1 bore, 4320-30 ft, Reg. No. 58656, x 16. Counterpart 
of Reg. No. 58657 (Fig. 1). Cf. PI. Ill, fig. 7. 

Fig. 3— Hemitrapa ? sp. Gemmiirs Hill, Reg. No. 58229, x 16. This specimen is smaller than 
average, and does not show strongly recurved appendages, but it among the best 
preserved. Cf. PI. HI, fig. 2, specimen at left, photographed prior to excavation. 

Fig. A — Hemitrapa ? sp. Koonwarra, Reg. No. 58644, x 16. Cf. PI. HI, fig. 5. 
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OUR EXPANDING UNIVERSE* 

♦Donovan Astronomical Trust Lecture 
By Bart J. Bok 

The well-known Dutch astronomer, Willem de Sitter, who was my first teacher 
at Leiden University, was one of the men who had much to do with the birth of 
the relativistic theory of the Expansion of the Universe. He said in one of his 
public lectures in the early 1930’s that the great development of the first third of 
our century was not the discovery of the Expansion of the Universe of Galaxies, but 
rather the Expansion of our Knowledge of the Universe. This is my theme for a 
lecture delivered toward the end of the second third of our century. 

A Bit of History 

Today most people do not realize — and those who should often forget—how very 
little we knew, at the turn of the century, of the depths of our universe. By the year 
1900, we were still several years short of the development (by Frank Schlesinger) of 
the modern precision techniques for the measurement of stellar parallaxes and 
distances. Spectral classification was still in its infancy and there was no clear 
concept yet as to the manner in which spectral features might be used for the 
approximate fixing of the intrinsic brightnesses of the stars, thus permitting us to 
fix their approximate distances. The measurement of stellar radial velocities was 
just coming into its own (W. W. Campbell) and the great catalogue of stellar 
positions and proper motions of Lewis Boss was still in the making. To be truthful, 

1 must say that by the year 1900 astronomers had no real knowledge of stellar 
distances greater than 50 light years from the sun. 

By 1924, when I entered astronomy professionally, the whole picture had 
changed. The trigonometric method for the measurement of stellar distances had 
reached its present-day accuracy, which permits us to determine with some degree 
of confidence, by direct triangulation, distances to 300 light years from the sun. We 
had available for research reliable catalogues of positions, proper motions, radial 
velocities, spectral types and apparent magnitudes for a large number of stars, and 
J. C. Kapteyn’s Plan of Selected Areas (1904) had begun to bear fruit in terms of 
many useful catalogues reaching to faint stars in specially selected fields. 

Accompanying this steady accumulation of data, there had come also an increased 
insight into the arrangement of our universe. The discovery by Kapteyn of the 
phenomenon of star streaming among the nearer stars (1904) had shown that their 
motions were probably governed by forces originating beyond the immediate vicinity 
of our sun. Harlow Shapley (1918) had demonstrated irrefutably from his studies 
of globular star clusters that our sun is a star in the outskirts of our home galaxy, 
the Milky Way System; we now know the sun to be located at a distance of 27,000 
light years from the centre of our galaxy. Finally, Hubble’s work (1922) on the 
spiral nebula in Andromeda, Messier 31, and other spirals showed these objects to 
be galaxies like our own Milky Way System, true galaxies with distances of 

2 million light years or more from our sun and earth. The stage was thus set for 
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the acceptance of the startling phenomenon of the general expansion of the universe 
of galaxies, which had seemed indicated ever since V. M. Slipher (1912) had first 
noted the gradual increase in the amount of the redshift with faintness (distance) of 
the galaxies. 

During the 1920's and 30*s we witnessed a steady march forward in the explora¬ 
tion in depth of our universe. The cepheid variable star reigned supreme as a 
standard for the measurement of great distances, and few were the astronomers who 
doubted the general validity of the ‘law' establishing a relation between the period 
of light variation of a cepheid variable and its intrinsic brightness which we now 
know most certainly not to be universal. Bertil Lindblad and Jan H. Oort discovered 
the effects of general galactic rotation (1926), thus confirming the eccentric position 
of our sun in relation to the centre of our galaxy and they showed that our sun, 
moving around the centre at a rate of the order of 140 miles per second, takes 
200 million years to complete one circuit. An important discovery of the early 1930 , s 
was that of the general absorption of light near the central plane of our galaxy 
(R. J. Trumpler 1930) and, finally, it was during the 1930’s that radio astronomy 
entered the picture (Karl Jansky and Grote Reber 1931) almost unnoticed. 

In the years following World War II, there came the general realization (Walter 
Baade) that there was more than one variety of cepheid variable and that the accepted 
distance scale for galaxies in the universe, which had seemed a reasonably firm one 
in the late 1930 s, was probably in error—with all estimated distances too small by 
factors 3 or 4. 1 his suspicion has been amply confirmed by the researches of the 
past decade. 1 he Hubble Constant, which measures the velocity of recession in 
kilometers per second at a distance of one million parsecs (3*26 million light years) 
was in the early stages estimated to be possibly as high as 500, whereas by now 
values in the range 75 to 125 are generally quoted. One should bear in mind that a 
quadrupling of the scale of the universe is not a minor matter, for it implies a 
decrease by a factor 4 3 = 64 in the estimated density of matter in the universe— 
that is, provided all other estimated quantities stay put. 

The Hubble Constant is a very basic quantity for the study of our universe. From 
the measured redshift in the spectrum of a distant galaxy, we can obtain a good 
value for the observed velocity of recession of that galaxy. From this observed 
velocity we can obtain an approximate value for the distance to the galaxy, provided 
we know the value of the Hubble Constant. It is in this manner that we estimate the 
distance to the farthest known single galaxy. Two years ago, Rudolph Minkowski 
measured the redshift for a faint galaxy that he suspected to be very far distant from 
the sun. The recessional velocity corresponding to the observed redshift proved to 
be equal to about 140,000 kilometers per second, 46% of the velocity of light. The 
estimated distance of this object is betwen 4 and 5 thousand million light years. 
We see this object as it was 4 to 5 thousand million years ago, which is about the 
time when our solar system was formed. 

The Hubble Constant plays a very important part in attempts to establish the 
probable age of the universe. Let us for a moment accept the hypothesis that our 
universe of galaxies originated at some time in the past from a much more compact 
unit and that in the observed general expansion w*e are witnessing the after-effects 
of a giant explosion often referred to as the 'Big Bang’. Let us forget for the moment 
about relativistic complexities and calculate the approximate time interval that has 
elapsed since the beginning of the expansion. Some elementary arithmetic suffices to 
show that, to a velocity of one kilometer per second, there corresponds a distance 
travelled of close to one parsec (3*26 light years) in one million years. If two 
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galaxies are rushing away from each other at the rate of 100 kilometers per second, 
their distance apart will hence increase at the rate of 100 parsecs in one million 
years; this distance would increase to one million parsecs in 10 thousand million 
years. The observed value of 100 for the Hubble Constant suggests therefore that the 
galaxies of our universe have been running away from each other for at least 
10 thousand million years, and this represents the order of magnitude of the age 
of our universe on the ‘Big Bang’ hypothesis. I should warn the reader that the 
argument breaks down if we consider the alternative hypothesis of continuous 
creation—according to which the universe is an expanding one of constant average 
density, with newly-created matter replacing that lost in the expansion and in which 
the process of the formation of new galaxies is an ever continuing one. 

The Exploration of Space 

The Space Age is with us, but this most emphatically does not imply that the 
conventional techniques of astronomical research are by now outdated and that 
henceforth we shall go to the stars directly. The arrival of the Space Age, which 
was ushered in by the successful launching of Sputnik I in October 1957, holds 
much promise for the development of astronomy. It means that we shall be able, if 
we wish, to travel through the solar system, visit the moon, Mars (see PI. V) and 
one or two additional planets and their satellites and possibly return home with 
samples. It means that we shall be able to have a close look at the remaining planets 
and satellites and we may be able to probe into the secrets of what is underneath 
the thick atmospheric clouds of ammonia and methane in Jupiter and Saturn, or 
explore the more controversial cloud cover of Venus. It means, furthermore, that 
we shall be able to free ourselves from the disturbing effects of the earth’s atmos¬ 
phere, which has hindered in the past our attempts to study properly the ultraviolet 
and the infrared parts of the spectrum, and which produces bothersome lack of 
definition in the optical telescopes used at terrestial observatories. The space obser¬ 
vatory holds great promise for the future. 

We must not delude ourselves and think we shall be able to travel to the stars. 
The terrific distances involved in the exploration of space are far too little appre¬ 
ciated. The distance from the earth to the sun is 93 million miles, which is a figure 
that most of us find it impossible to imagine. To bring it a little closer home, bear 
in mind that it represents 1000 times 93,000 miles: I think that most owners of 
automobiles have a fair idea how far is 93,000 miles. In the present state of the art 
of satellite launching, it is considered quite a feat to get one that travels from the 
earth to the moon in 48 hours. If we had a satellite that would cover the distance 
to the moon in one hour, that object would take close to two weeks to reach the sun. 
It would take a little less (say 10 days) to reach Mars or Venus under reasonably 
favourable conditions, but the trip to Jupiter would take already 8 weeks, that to 
unimposing Pluto one and a half years. A little arithmetic shows that the trip to 
the nearest bright star—Alpha Centauri, one of the pointers to the Southern Cross, 
about 4 light years away—would take approximately 15,000 years, double if the 
space traveller wishes to return and report on his findings to the home folk. 

For the exploration of the universe of stars and galaxies, space research will 
have the important assignment of providing astronomers with space platforms, 
which may be used for the purpose of mounting telescopes with the very best optical 
and tracking properties. Designs for these platforms, with telescopes to match, are 
already on the drawing board and it is not unlikely that a 50-inch reflector will be 
sent in orbit by the end of the present decade. The basic problem of precision pointing 
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of the telescope on any desired spot in the heavens will probably be solved by 
providing two small auxiliary telescopes that may be locked in position on bright 
stars, and with reference to which the large reflector will be positioned. The optics 
of the space telescope will have to be of the highest calibre, for the performance of 
the instrument will be determined by its optical and mechanical perfection, unaffected 
as it will be by the disturbing effects produced in terrestial telescopes by the earth s 
atmosphere. The information gathered by space telescopes will be relayed back to 
receiving stations on earth by television and telemetric techniques. In other words we 
shall not need any of the so-called ‘break-throughs* before we shall be able to proceed. 

The first space observatory will probably be circling the earth in a 24-hour orbit 
at a height of approximately 22,500 miles, which will mean that it can remain in 
communication with a single receiving station below it on earth for as long as 
desired. Parenthetically, these are the altitudes and orbits currently envisaged for 
some communication satellites, which will hang above the earth as giant reflectors 
for radio telephonic and television transmissions. 

In the United States, there are already in the advanced planning stage several 
astronomical projects involving the use of earth satellites. In addition to the 50-inch 
space telescope to which we made reference, there is a major project under way at 
Princeton University for the design and construction of a spectrograph, which is to 
be used for high-resolution spectroscopy of stars and nebulae in the far ultraviolet. 
At the University of Wisconsin, astronomers are building apparatus for the measure¬ 
ment in the ultraviolet of the brightnesses and colours of stars, and at the Smith¬ 
sonian Institution an extensive programme of mapping the sky in the ultraviolet is 
well under way. 

We should bear in mind that rockets and balloons will continue to play an 
important role in the exploration of space. Our present knowledge of the cellular 
structure of the sun’s atmosphere has come from balloon flights, which have also 
contributed much to our knowledge of cosmic rays. Australia is deeply involved in 
rocket investigations and we are fortunate to have at Salisbury and at Woomera 
the personnel and the equipment that permits us to do work of the highest calibre in 
this field. One recent joint U.S.A. and Australian series of rocket flights from 
Woomera is giving us much interesting information about the ultraviolet properties 
of stars and nebulae in the southern hemisphere. The principal Australian effort in 
astronomical space research is now under way at the University of Adelaide and 
our participation in the joint European plans holds great promise for the future. 

Structure and Evolution: The Galaxy and the Magellanic Clouds 

The expansion of our knowledge of galaxies and their components is progressing 
in three interrelated directions. First, we are gradually completing our picture of 
the universe as a whole and of its component galaxies. Second, we are penetrating 
further into an understanding of the birth and evolution of the galaxies and we are 
learning much that is new about the manner in which stars have been formed in the 
past and are still being formed today from clouds of interstellar gas and dust. And, 
third, we are gradually beginning to get a clearer picture of the processes of 
evolution of the stars. 

We are progressing in a satisfactory manner with the exploration of our own 
galaxy, the Milky Way System. It is a flattened galaxy with a diameter of the 
order of 100,000 light years and with a total mass equivalent to that of 100 thousand 
million suns, most of it contained in stars. Our sun, a pretty average star as stars 
go, has a position close to the central plane of our disc-shaped galaxy and is at a 
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distance of about 27,000 light years from the centre. The star clouds in Sagittarius, 
which pass overhead at latitudes 30° S., mark the direction to the centre of our 
galaxy. To study these central regions properly, the optical or radio astronomer 
should preferably have his observatory located at the latitudes of Australia, New 
Zealand, South Africa or South America. PI. VI shows an example of one of the 
5 celestial objects observable only from the southern hemisphere — the globular star 
cluster 47 Tucanae. 

Optical and radio techniques combined are being applied successfully to the 
delineation of the structural pattern of our galaxy. The clouds of interstellar gas and 
the associations of young stars are concentrated along some tightly-wound spiral 
arms, which can now be traced between distances of 10,000 to 50,000 light years 
from the centre of our galaxy. But the precise tracing of these spiral arms, which 
is done by the combined efforts of optical and radio astronomers, has run into 
considerable difficulties. The point of observation in our galaxy to which the sun 
and earth have been relegated is a most unfavourable one. The optical astronomer 
is literally fogbound by the ever-present cosmic dust, which is intermingled with the 
interstellar gas all along the galactic circle. This cosmic fog does not bother the 
radio astronomer, but he is hampered in his studies by the absence of an independent 
distance scale and his approach toward a definitive solution of the spiral structure 
problem does not appear like a simple and straightforward one either. But then, 
why despair? Thirty years ago most astronomers, the author being one of them’ 
saw little hope that we would even make a start during our lifetimes on obtaining 
a fair idea as to how the spiral arms of our galaxy run. And here we find ourselves 
in the early 1960’s and we have a first rough picture available. This has come about 
for three reasons. First, in the late 1940’s, Walter Baade showed unambiguously 
that the spiral arms in galaxies outside our own could be traced through clouds of 
interstellar gas and associations of young blue-white stars. This was followed by the 
first successful attempt to trace the spiral arms of our own galaxy (W. W. Morgan 
and associates in 1951), and finally the radio astronomers at Leiden and at Svdney 
produced their now famous diagrams (1952 and 1953). In the years to come, the 
principal advances in our knowledge of our galaxy should come from southern 
hemisphere observatories, for the key to the solution of the complex spiral structure 
for the inner parts of the galaxy seems to be the study of the sections of the Milky 
Way with most southerly declinations. PI. VII shows one of these sections. 

In recent years much attention has been given to the properties and the behaviour 
of the gas in our galaxy. We do not really know why it is that the interstellar gas 
shows preference for being concentrated in the spiral arms and avoids the regions 
in between. To complicate the picture, there are now indications that the spiral arms 
and the gas in them (but not the stars) expand outward in the plane of the galaxy, 
away from the centre, but we have no good idea about the forces that are at work. 
The whole scheme of gas motions and development of spiral arms is complicated 
by the fact that all of our galaxy, with its wafer-thin central layer of gas and dust, 
is embedded in an extremely tenuous, roughly spherical gaseous halo. We must 
discover the cause of these peculiar rules of gas distribution and development. It 
has been evident for more than a decade that spiral arms can in no way be considered 
permanent features. They come and go in time intervals of the order of two or three 
galactic revolutions, say 500 million years, which is only one-tenth of the age of 
our sun and earth. We must try to understand how and why the spiral arms behave 
as they do, for it is in these cosmically short-lived features that we find the places 
where the stars have been born, and are being formed even today. 
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During the past 15 years, there has been much advance in our knowledge of 
the processes by which stars are made and evolve. We actually see projected against 
the beautiful emission nebulae numerous roundish, dark nebulae, globules, which 
are probably small clouds of gas and dust in the pre-stellar stage. Some of these 
complexes of dark nebulosity are very fine in appearance, the Horse Head Nebula 
(PI. VIII), for instance. Also, near certain large dark nebular complexes, we find 
tenuous stars which, judged by their spectra and characteristic variability, were 
formed quite recently on the cosmic scale. Calculation shows that the most rapid 
evolution will be experienced by gas clouds with masses of the order of 10 to 50 
solar masses, which should settle down to become respectable stars in times of the 
order of one million years. Cosmically speaking this represents a very short time 
interval, since the age of our sun and earth is probably 5000 times as great and 
since one galactic revolution takes 200 million years for a star like our sun. 

In a way the most spectacular recent expansion of our knowledge has come 
from observational and theoretical studies of stellar interiors and from related work 
on stellar evolution. Observationally we have progressed especially because of novel 
applications of photoelectric precision techniques to the measurements of star colours 
and brightnesses, which make use of colour filters of various bandwidths. Theoret¬ 
ically, our understanding of the internal conditions of the stars has advanced, first, 
because of the availability of a consistent picture of the nuclear transformations that 
supply the large but limited amounts of energy produced inside the stars and, second, 
by the development of computational techniques for the study of equilibrium con¬ 
ditions in the interiors of stars of given mass, chemical composition, radius and 
surface temperature. The combination of the two approaches permits a first 
theoretical attack on the problems of the gradual evolution of stars. The evolutionary 
tracks thus found from pure theory check quite well with those derived from the 
observations of colour-magnitude arrays of galactic and globular star clusters, each 
of which represents presumably a group of stars formed within a cosmically brief 
interval. One of the finest achievements of our times has been the ability to predict 
from pure physics and pure theory the temperatures and radii for masses of gas 
comparable to those of the stars. We can trace by calculation alone the various 
stages in the evolution of a star, all the way from the initial interstellar cloud to 
the final white dwarf stage. 

Special attention is being paid to the most massive stars, those with masses at 
least 10 times that of our sun, for these are the stars with the most rapid evolution 
—stars which are born and shine in all their glory for a brief one million years or 
so, then fade and disappear from the scene in an as yet unknown manner, possibly 
passing through a supernova stage on the way to oblivion. The radio source in 
Taurus and the associated Crab Nebula (PI. IX) represent the after effects of a 
supernova explosion. 

The study of these supergiant stars is done most advantageously in the two Star 
Clouds of Magellan, especially in the Large Magellanic Cloud, where they appear in 
large numbers and where they are easily accessible to telescopes of moderate aperture 
of the Southern Hemisphere observatories. In the Large Magellanic Clouds, the 
astronomer finds the young associations with their luminous blue-white supergiants 
still embedded in extensive clouds of gas, the parent nebulae, from which they were 
made. PI. X, XI show in a striking manner in what ways the blue-white young 
stars of the Large Cloud, with their associated nebulosity, stand out against the mas¬ 
sive background of older and fainter stars. The Large Magellanic Cloud is at a 
distance from the sun and earth of a little under 200.000 light years and some of 
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the stars that we study in it have intrinsic brightness equivalent to close to one 
million times that of our sun. It is worth noting that the nebular gas from which 
these stars were made has apparently very much the same relative proportions of 
the most common light elements, hydrogen, helium, oxygen, carbon and nitrogen, 
as we find for the stars of the Milky Way System in the vicinity of our sun. The 
apparent uniformity of chemical composition in our Universe is a somewhat per¬ 
plexing and very interesting phenomenon. 

Structure and Evolution: the Universe of Galaxies 

In the introductory section we have already surveyed the present status of the 
Expanding Universe Theory. In this concluding section, we might ask ourselves to 
what extent the problems of the universe of galaxies have been solved, and what 
remains to be done. We shall learn that there is much room for the expansion of 
our knowledge when we prepare the balance sheet as of the year 1962. 

We have already indicated that our weakest link in the whole structure relates 
to our lack of precise information on the distance scale. What we require primarily 
are groups of stars or nebulous objects that have their counterparts in our own 
galaxy or the Magellanic Clouds and that can be positively identified in the more 
distant galaxies. This is not an easy assignment, for the objects must be intrinsically 
very luminous to remain within reach of observation in remote galaxies. The 
apparently dependable cepheid variable of the 1930’s has failed us miserably, for it 
comes in many guises and the period of the light variation can no longer be said to 
be directly indicative of its intrinsic brightness. The RR Lyrae variable stars, found 
in galactic globular clusters and in the outer halo of our galaxy, are of little use, for 
in the Andromeda Galaxy (PI. XII, XIII) they would already appear at apparent 
magnitudes 25 or thereabouts, and that is too faint for their detection with the 
largest available telescopes. Novae, the spectacular ‘new stars’, fare somewhat better, 
but we do not have enough of them observed in our own galaxy, where near 
maximum light they shine with intrinsic brightnesses in the range between the 
equivalent of 40,000 to 250,000 times the light emitted by our sun. They are found, 
however, in abundance in the Andromeda Galaxy and in the long run they may 
prove of much assistance, especially in helping us find improved distances for the 
Magellanic Clouds, but again we lack a dependably calibrated distance scale for 
them in our galaxy. Our greatest hope seems to lie in clusters of blue-white super¬ 
giant stars and their associated nebulosity. Studies in the Large Magellanic Cloud 
have recently given us a fresh approach by providing us with new standards of 
known intrinsic brightness and with well-defined colour characteristics. We are 
finding methods for the positive identification of these nebulous associations in 
galaxies with distances up to 30 million light years, and the measurement of their 
total brightnesses, colours and apparent diameters promises to yield useful results. 

It is a big step from a distance determination for a galaxy at 30 million light years 
from the sun to one 3,000 million light years away. The only practical method for 
finding the distance to a very remote galaxy is by identifying the object as a member 
of a cluster of galaxies and then estimating the distance to the cluster, a process that 
becomes increasingly uncertain as we turn to more distant objects. The positive 
identification of a galaxy as a radio source may help, because the intrinsic total 
optical brightness of a strong radio radiation emitting galaxy is known to be close 
to the equivalent of the radiation of 15,000 million suns. In practice, we often obtain 
a most reliable distance estimate for a remote object by measuring its redshift and 
by then calling upon the Hubble Constant to assign to it an approximate distance. 
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But that is cheating, for the primary reason for our wanting to have a good distance 
scale for the more remote galaxies arises from our desire to fix the Hubble Constant 
precisely, and we cannot have it both ways. 

In the preceding paragraph we referred briefly to clusters of galaxies and thes^ 
merit a little more attention at this point. There is no major controlling supers 
structure that dominates the universe of galaxies in the manner that the Milky Way 
System encompasses most of the stars known to us. Our observations reveal, for 
instance, no place that we can designate as the centre of the universe of galaxies. 
But there do exist groupings of galaxies, which range all the way from pairs, triplet^ 
. . . sextets of galaxies to modest clusters of galaxies and to clusters which count 
their membership in terms of hundreds of galaxies. There is at present much 
discussion among astronomers about the cosmological status of these clusters of 
galaxies. There is considerable evidence to show that these clusters of galaxies may 
not be permanent features and one naturally asks whence they came and what 
their futures may be. 

The observational evidence relating to clusters of galaxies relates first of all to 
total masses and linear dimensions of these clusters. The astronomer who studies 
one of these clusters determines first as best he can the distance to the cluster. Next 
he counts the number of galaxies present in the cluster and, knowing the approxi¬ 
mate masses for the various types of galaxies observed in the cluster, he obtains at\ 
estimate for the total mass. Furthermore he is able to calculate the approximate 
linear diameter of the cluster. From simple dynamical arguments (involving the 
Virial Theorem, well known to students of the kinetic theory of gases), it follows 
that, for a cluster of given total mass, the radius is determined by the root-mean- 
square of the velocities for the individual galaxies. If the cluster is stable an<1 
constant in diameter, then it follows from the Virial Theorem that the average 
velocity is automatically fixed once the total mass and linear diameter of the cluster 
are known. Hence we can check on the stability of the best-known clusters of galaxies 
by seeing whether or not the observed spreads of linear random velocities of cluster 
members come out as predicted (which would mean that all is well with the overall 
stability of the cluster) or different. To make a long story short, the observed 
spreads of random velocity always prove to be greater (by a factor 3 to 5) than 
those predicted from theory. If these results are substantiated by further research, 
then we are faced with the problem of having to accept the proposition that most 
groupings of galaxies are unstable. The resulting average ages of clusters and 
groupings of galaxies appear to be of the order of 1 to 10 % of the age of the universe. 

There are many observational checks which must be applied before we should 
accept as final the conclusion that the observed clusters of galaxies are transitory 
phenomena. For tremendous problems arise if we accept this conclusion. Does it 
mean that all clusters of galaxies and their members are of relatively recent origin ? 
This would be the most obvious conclusion to draw from the available evidence, but 
it seems impossible to accept it, for among the galaxies that are most prominent in 
the known clusters are many that have the appearance of being very old on the 
cosmic scale. In a brief lecture like the present, one can only touch on some of these 
questions, but I might as well record here that I consider the problems relating to 
the evolutionary status of clusters of galaxies as the most basic puzzle we are facing 
today in our attempts to understand the universe of galaxies and its evolutionary 
status. 

Another area in which we encounter a host of major problems is related to the 
optical identification of radio galaxies. It has been known for more than a decade 
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that certain galaxies are very powerful radio emitters. Five years ago, most 
astronomers, optical and radio alike, accepted the explanation that these were mostly 
pairs of galaxies in collision. In recent years some very strong objections to this 
interpretation have arisen. Firstly, it appears that the percentage of double and 
multiple galaxies among those identified optically with powerful radio sources is no 
greater than average. But, most important of all, there is an enormous discrepancy 
in dimensions. Modern interferometer techniques permit the radio astronomer to 
estimate with fair accuracy the angular diameters of the blobs that produce the 
radio emission. In the case of an optical identification with a double galaxy, the 
dimensions of the responsible optical pair are only one-tenth to one-fiftieth the 
angular dimensions of the radio galaxy. The radio astronomer is obviously not 
observing the radio radiation emitted by the pair of galaxies observed optically, but 
rather is he dealing with radiation emitted by an extended outer halo—not observed 
optically. The present trend is to forget about collision effects and to look for the 
source of the radio radiations in supernovae explosions, or possibly chains of 
supernova explosions. The best approach seems to be to think of the large blobs that 
emit the radio radiation as very tenuous clouds of high-speed particles shot out 
beyond the parent galaxies by supernova explosions. These high-speed particles, and 
their associated vast magnetic fields, presumably produce the observed intense 
radiation in the radio range. I might mention in passing that supernova explosions 
in our galaxy are supposed to produce cosmic rays, another indication that cosmic 
ray physicists and radio astronomers may be dealing in large measure with different 
observational aspects of the phenomenon of supernova explosions. 

The present lecture is obviously incomplete in that it touches briefly on some 
important aspects of current astronomical thought, while totally omitting others of 
comparable or possibly greater significance. But I do hope that I may have succeeded 
in sketching the grandeur of the total picture that emerges. Our knowledge of the 
physical universe has not simply been expanding—it has literally exploded. 

Explanation of Plates 
Plate V—The Planet Mars. Lowell Observatory photograph. 

Plate VI—The globular star cluster 47 Tucanae. Distance about 20,000 light years. Mount 
Stromlo Observatory photograph. 

Plate VII—A region of nebulosity in the Milky Way first observed by the late Colin S. Gum. 
Mount Stromlo Observatory photograph. 

Plate VIII—The Horse Head Nebula in Orion. Mount Wilson and Palomar Observatories 
photograph. 

Plate IX—The Crab Nebula in Taurus. The after-effects of a supernova explosion: a strong 
radio source. Mount Wilson and Palomar Observatories photograph. 

Plate X—Part of the Large Magellanic Cloud in ultraviolet light, showing bright nebulosity 
and the associated young stars. Mount Stromlo Observatory photograph. 
Plate XI—Part of the Large Magellanic Cloud in infrared light, showing principally the older 
stars, Mount Stromlo Observatory photograph. 

Plate XII—The Great Spiral in Andromeda. A general view of this galaxy (48-inch Schmidt 
photograph). Mount Wilson and Palomar Observatories photograph. 

Plate XIII—The lower right-hand corner of PI. XII, showing the individual stars (100-inch 
reflector photograph). Mount Wilson and Palomar Observatories photograph. 
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RELATIONSHIPS BETWEEN THE MITCHELLIAN, 
CHELTENHAMIAN AND KALIMNAN STAGES IN 
THE AUSTRALIAN TERTIARY 

By R. W. T. Wilkins 
Abstract 

Stratigraphic work in the Lakes Entrance area has established the existence and relationships 
of 5 shell beds, each with a fairly distinctive molluscan assemblage, in the complete Upper 
Miocene-Lower Pliocene sequence. The major elements of each assemblage are listed, with the 
exception of the second oldest, from which no specimens were available. A brief treatment of 
the rock units is followed by an historical discussion of the definition and usage of the Mitchel- 
lian, Cheltenhamian and Kalininan Stages. On the basis of comparison of the fauna from the 
type section of the Cheltenhamian with those of the shell beds in the Gippsland Basin sequence, 
the stages are clarified in their relationships and redefined. Finally, the position of the Mio- 
Pliocene boundary in the local sequence is discussed. 


Introduction 

Since Singleton (1941) introduced the Cheltenhamian and Crespin (1943) 
introduced the Mitchellian, both as immediately pre-Kalimnan, Upper Miocene 
local stages, there has been confusion about the relationships of the three stages. As 
yet, foraminifera have not proved very helpful in solving the problem, mainly due 
to paucity of pelagic forms in the Gippsland Basin (Carter 1959) from which both 
the Mitchellian and Kalimnan are defined. The type locality of the Cheltenhamian 
Stage is in the adjacent Port Phillip Basin. Fortunately, molluscan faunas are not 
scarce and they show a fair degree of change during the critical period of time. The 
situation is complicated by possible slight geographical differentiation between the 
two basins but it is not sufficient to cause any major problems. 

The Australian Tertiary stages are primarily molluscan stages but their limits 
in terms of assemblages are at present rather vague. For this reason, in the present 
work, attention has been concentrated on a sequence of shell beds. Detailed strati¬ 
graphic work has been found necessary to establish their relationships and where 
redefinition has been found necessary these shell beds and their contained faunas 
have been used for stage limits. 

Frequently in the past workers have not given stratigraphic sections and this has 
led not only to difficulty in the re-location of collected levels but also to loss of 
accuracy in the definition of both rock and time-rock units. It is hoped that the 
sections described will be useful as a basis for further work. 

The conclusions elaborated upon in this paper were suggested during strati¬ 
graphic and petrological work on Tertiary sediments along the N. boundary of the 
Gippsland Basin. In the faunal lists which are appended the species have been 
identified as accurately as possible but a detailed palaeontological review has not 
been attempted. The information contained is made available at the present time as 
it seems unlikely that there will be opportunity to consolidate this work for several 
years. 

The area about Lakes Entrance in the Parishes of Colquhoun, Colquhoun North 
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Fig. Z—Locality diagram of the Lakes Entrance area showing the position of measured sections. 
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and Bumberrah have been mapped by the Geological Survey of Victoria. A geo¬ 
logical map (1" = 1 mile) and parish plans of the Bairnsdale area are also available. 

Descriptions of Sections 

Some excellent sections of the upper part of the marine Tertiary sequence are 
exposed in the Lakes Entrance area. The distinctive feature of most of these is the 
ease of correlation between them. The only detailed descriptive section previously 
available from this area is given by Singleton (1941, p. 40) of strata at Jemmy's 
Point. It has been adopted here with modifications and additions. Beds (a) to (i) 
are the same as those of Singleton with modifications, and may be seen in the road 
cutting and rather poor cliff sections just on the N. side of the bridge over North 
Arm. Minor landslips make continuation of section beyond bed (i) difficult. 

For this reason and in order to make the section more detailed, beds (j) onward 
do not correspond to those of Singleton's section. They have been measured from a 
point 20 yds W. of the most westerly exposure of the upper shell bed (h) which, as 
Singleton has noted, thins to the W. The 3" sand bed appears to correspond with 
Singleton’s bed (j) (8" carbonaceous layers in fine sandstone) which is clearly 
exposed at the most westerly limit of the upper shell bed. Base level is about 2' 
above high water mark. 


1. Jemmy's Point: 


Bed 

Thick¬ 

ness 

(P) 

12CK 

(o) 

r 

(n) 

6 " 

(m) 

8 " 

(1) 

r 6" 

(k) 

6 " 

(j) 

3" 

(i) 

3' 

(h) 

V 

(g) 

y 6" 

(0 

IP 

(e) 

4" 

(d) 

13' 

(c) 

2 ' 

(b) 

2 '6" 

(a) 

3'6" 


Description 

Coarse clayey sands and fine gravels with sporadic pebbles and with varying degrees 
of ferruginization. A few horizons show steep cross-bedding. 

Brown richly carbonaceous and micaceous siltstone with occasional sandy and 
clayey burrows and lenses. 

Rather more poorly bedded than (m), yellow fine sand with conspicuous layers 
of mica. 

Thin bedded yellow silty sands with brown carbonaceous layers. 

Brown and grey streaked and mottled sands with grey clay streaks and burrow 
fillings grading up into poorly bedded pale yellow sands. 

Grey silt with plant fragments and burrows i" diameter with sandy brown infillings. 

Pale yellow bedded sand with carbonaceous streaks. 

Grey calcareous silty sand with a much lower shelly content than bed (h). Rich in 
black carbonaceous fragments. 

Upper shell bed, a richly shelly silty sand with carbonaceous fragments; irregular 
in thickness and thinning to the W. 2" pebble band about 8"-10" above base 
where found. 

Fine friable sandy calcarenite with long low-angle cross-bedded units in places, 
especially near the top tending to be cemented into tough, laminated calcarenite 
bands. 

Fawn calcareous silty sand with calcareous concretionary bands. 

Discontinuous tough calcareous sandstone. 

Fawn calcareous silty sand with irregular development of calcareous nodules. 

Lower shell bed, calcareous silty sand with Eucrassaiclla. 

Fine calcareous silty sand with calcareous concretions and a few Turritella near top. 

Fine silty sand. 


Singleton's pebble bed (k) is not visible at the present time but another 4" dis¬ 
continuous bed, 7' above the top of bed (g) was found, as well as occasional pebbles 
from the Upper Shell Bed (h). The lower part of the Jemmy's Point section is 
better studied in the small vertical cliff, 40 yds E. of Kalimna Jetty where the base 
level is sea level at high tide. 
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2. E. 


Thick¬ 

Bed 

ness 

(f) 

1 '6" 

(e) 

2 '3" 

(d) 

6 " 

(c) 

6' 6" 

(b) 

3" 

(a) 

3' 3" 


E. of Kalimna Jetty: 

Description 

Calcareous silty sand with numerous worn fragmentary mollusca. Large Eucrassa - 
tella conspicuous. 

Calcareous silty sand with a few complete valves of Anomia and other molluscan 
fragments. Similar to bed (c). 

Discontinuous coquina with worn molluscan fragments of Eucrassatella. 

Fawnish silt with indistinct structural mottling and with a few large (1") burrows 
themselves mottled internally. Some well preserved and many fragmentary 
mollusca in lower part. Small carbonaceous fragments present. 

Coquina with broken and worn shell fragments. 

Grey and orange clayey sand with structural mottling. 


About 3 m. NNW. of Jemmy's Point, a low road cutting on the W. side of 
Mississippi Cr., which is the main continuation of North Arm, shows the following 
section:— 


3. Mississippi Cr. Road Cutting : 



Thick¬ 

Bed 

ness 

(d) 

5' 

(c) 

33' 


6 ' 

(b) 

6 ' 

(a) 

30' 


Description 

Pale fawn ? wind blown sand, poorly sorted near base with pebbles. 

Brown micaceous clayey sand, rather well sorted coarser fraction and containing no 
pebbles. Contains some structural mottling—grey clay lenses and nests near base. 

Covered interval. 

Fine well sorted friable sandy calcarenite. Cross bedding, if present, cannot be 
observed because of poor exposure. A little cementation present at top of bed. 

Fawn calcareous silty sand, fairly rich in mollusca but superficially weathered and 
no structures are evident. Contains small black carbonaceous fragments which 
increase in proportion up to centre of bed, then decrease. 


Although this section is very poorly exposed, similarities between the beds here 
and at Jemmy's Point are immediately obvious. The basal bed (a) here corresponds 
to beds (a) to (f) at Jemmy's Point. Likewise, bed (b) corresponds to (g) and 
the covered interval occurs where the Upper Shell Bed might have been expected. 
The overlying brown micaceous clayey sand is similar in appearance to the lower 
part of (p). Due to the 6' covered interval in the critical part of the sequence it is 
not possible to compare the sections more closely. There can be little doubt however 
that the approximate correlation suggested is correct. 

The tramway track which extended from the Colquhoun Granite Quarry to 
North Arm along Mississippi Cr. has now mainly been removed and the low cuttings 
along the track, which furnished good suites of perfectly preserved mollusca in the 
past, are now overgrown with dense scrub. Limestone and fossiliferous ferruginous 
sandstone have been traced some hundreds of yards upstream from the old Colquhoun 
Quarry. Just upstream from the quarry and on the E. side of the creek (861391 
Bairnsdale Military Map reference), at an elevation of about 18CX above sea level, 
an interesting section occurs in which kaolinized granite is overlain by polyzoal 
limestone with abundant Spondylus and also Hinnites, Clypeaster, Serripectcn and 
Ostraea. In hand specimen it appears to contain no coarse sand or gravel thereby 
comparing with the limestone at Bairnsdale. It is overlain by fossiliferous ferrugi¬ 
nous gravelly sand with poor casts and moulds of mollusca— Spondylus, Cucullaea, 
Antigone, Conus , Chlamys, etc. 

Although the fossils do not suggest the presence of any important disconformity 
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between the two beds, the presence nearby of ferruginous gravelly beds at the same 
level as the limestone, but without gravel, indicates that some break in deposition 
did occur rather than the irregular junction being due to weathering. The ferru- 
ginization has in most cases proceeded to gleying with strong development of grey 
and brown mottling. The gravelly component consists mainly of rounded quartz 
granules. The marine beds are overlain by cobble gravels with fossil silicified wood, 
the junction being strongly disconformable. 

About 6 m. easterly of Jemmy's Point another good section is exposed in the sea 
cliff at Red Bluff. The section selected for description is situated 3 ch. W. of the 
Point. Base level is high water mark. 


4. Red Bluff : 


Thick- 
Bed ness 


Description 


(s) 

(r) 

(q) 

(р) 
(o) 
(n) 

(m) 

( 1 ) 

(k) 

(j) 

(i) 

(h) 

(g) 

(f) 

(e) 

(d) 

(с) 


(b) 

(a) 


T Poorly bedded micaceous sands basally deformed by load casts. 

2 " Clayey gravel with pebbles up- to 2" long, symmetrically pinched up into overlying 

sand in places up to a height of 1\ 

2 " Silt with sandy lenses. 

2 " Discontinuous gravel lenses. 

V Poorly bedded brown silts and grey clays. 

5 " Grey sand with wavy ferruginous and carbonaceous streaks with lenses and more 
or less continuous thin layers of grey clay. 

3 " Grey silt. 

1 " Grey clay with brown streaks and wavy base due to sand lenses below and 
differential compaction. 

3 " Average thickness of coarse poorly sorted sand, in discontinuous lenses up to 6" 

thick. Coarser material at base (with occasional pebbles) grades up into finer 

sand above. 

13' Micaceous sands like bed (i) but without cementation horizons. 

13' Sands, cross bedded at low angle, cemented along frequent favoured cross bed sets. 

Occasional lenses, thick with fossil shells are present, the fossils now as casts 
and moulds. Rarely these lenses contain pebbles also. 

2" Calcarenite band. 

1 ' Light grey sandy silt, richly mottled with brown sandy burrows and grey clayey 
nests and lenses. 

5" Tough calcareous siltstones band, rather irregular in thickness, with traces of 
carbonized wood fragments. 

1 ' Light grey silty sand with occasional brown sandy mottles and other indistinct 
mottling, a few mollusca and black carbonaceous fragments. 

1 ' Homogeneous dark grey sandy silt, rich in woody fragments and mollusca (mainly 
pelccypods, some complete valves but mainly fragments). 

5 ' 6" Fawn calcareous silty sand with decomposed shells structurally mottled with lenses 
and streaks of grey clay. Upper part of bed with interformational folding 
structures in calcareous sand. 

2' Fawn shelly calcareous silty sand with numerous fragments of pelecypods and some 
complete valves structurally mottled with grey clay streaks. 

9 " Fawn silty sand structurally mottled with grey clay streaks. 

5' Beach sand, covered interval. 


The correlations suggested are bed (i) and probably (j) of this section with (g) 
of Jemmy’s Point; and beds (k) to (r) with (j) to (o) of Jemmy’s Point. 

A better correlation can be made between the sequence at Jemmy’s Point and 
road cuttings on Princes Highway where Bunga Cr. is crossed. Sections have been 
measured on both sides of the creek because of slight differences and also because 
they are to some extent complementary. 
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5. Bunga Cr. Road Cutting (S. Side) : 



Thick¬ 

Bed 

ness 

(f) 

W 

(e) 

4'6" 

(d) 

l"-6" 

(c) 

4'-6' 

(b) 

6 "-l' 

(a) 

22 ' 


43' 


Description 

Sandy finely laminated ? lagoonal sediments which cannot be reached to study 
in detail. 

Shelly calcareous sandy silt with much lower shelly content than bed (d). Rich 
with carbonized wood fragments. Sandy filled burrows rare. 

Thin discontinuous irregular compact calcareous siltstone band with casts and 
moulds of moll us ca. 

Shelly calcareous silty sand developed on the irregular surface of bed (b). Occasional 
pebbles present in lowest foot above base. 

Irregular and discontinuous development of tough limestone, moulds and casts of 
mollusca absent. 

Fawn calcareous silty sand with several horizons of interformational folding 
structures in calcareous sand. In the upper part these give way to thin bedded 
fine friable sandy calcarenite with long low cross bedding structures. In one 
place these show a small structure at the top. 

Covered interval to bridge level. 


6. Bunga Cr. Road Cutting (N. Side) : 


Thick- 
Bed ness 
(k) 18' 


a) 

4'6" 

(i) 

6" 

(h) 

3' 

(g) 

r 6" 

(f) 

6"-l' 

(e) 

33' 

(d) 

6" 

(c) 

11'6" 

(b) 

7'6" 

(a) 

18' 


15' 


Description 

Poorly bedded almost structureless fine well sorted micaceous sands with occasional 
discontinuous calcareous cemented bands containing casts and moulds of shell 
fragments. Some traces of low angle cross-bedding are developing in the tough 
bands. 

Shelly calcareous sandy silt with much lower shelly content than bed (g), but rich 
with carbonized wood fragments. Brown sandy filled burrow structures in 
upper foot, also grey clay nests and lenses. 

Discontinuous compact calcareous siltstone, with carbonaceous fragments and casts 
and moulds of mollusca. 

Fawn calcareous sandy silt with decomposed shell fragments and particles of 
carbonaceous material. 

Shelly calcareous silty sand, rich in molluscan specimens but not in species. Occas¬ 
ional rounded pebbles in lower 6". Interrupted by sandy interformational folding 
units. 

Discontinuous tough limestone band. 

Fawn marl with poorly developed colour and structural mottling. Mollusca mainly 
decomposed but some well preserved specimens occur near the base. Upper part 
with horizons of interformational folding structures and horizons of irregular 
cementation. 

Shelly calcareous silt, very rich in broken and abraded molluscan shells, including 
many large broken Eucrassatella. 

Fawnish calcareous silt with poor colour and structural mottling. Shells few, 
mainly decomposed. 

Grey calcareous shelly sandy silt with brown colour mottling, very rich in both 
species and specimens. Turritella of large size near top of bed. 

Brown and grey colour mottled calcareous silty sands, the mottling developing to 
different extent from place to place. Fossiliferous all through with occasional 
shelly bands rich in Turritella and Venericardia. A little sandy and clayey 
structural mottling present. 

Covered interval. 


Base level for both sections is bridge level, approximately 10' above sea level. In 
both sections the Upper Shell Bed (h) of Jemmy's Point can be readily matched. 
It corresponds to beds (g) and (h) (N. side) and (c) (S. side) if the less fossili¬ 
ferous overlying portion is included. The correspondence is not only in general but 
also in some detail. 
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The Upper Shell Bed in the Jemmy’s Point section has few common species but 
they are present in large numbers. All shells are robust and the more delicate genera 
are absent. Both fragments and complete shells are present generally with good 
preservation. Black carbonaceous fragments are common, bedding is absent. The 
most surprising feature is the inclusion of pebbles, usually in a thin discontinuous 
band in the middle of the bed. All these features are to be found in the equivalent 
beds at Bunga Cr. despite the fact that Bunga Cr. is more than 4 m. distant from 
Jemmy’s Point. 

Other beds can also be matched with some confidence. The grey calcareous silty 
sand (i) of Jemmy’s Point corresponds in lithological detail to bed (j) (N. side) 
and bed (e) (S. side). The non-calcareous beds (j)-(o) at Jemmy’s Point can only 
be equated to bed (f) at the top of the S. cutting. On the N. side of the creek the 
calcareous beds do not give way to a variable non-calcareous sequence but continue 
to contain bands with marine fossils. This has important palaeogeographical impli¬ 
cations. 

Beneath the Upper Shell Bed in all three sections, the distinctive fine friable 
calcarenite occurs with cementation of some of its long low cross bedded units, 
especially near the top. Within this bed and below it in both Bunga Cr. sections, but 
not at Jemmy’s Point, interformational folding structures occur (compare Emery 
1950). That their range in time of occurrence increases shoreward is shown by the 
fact that some distinct ones actually interrupt the Upper Shell Bed in the N. cutting 
but not in the S. cutting. These structures are identical to those in the lower part of 
the Red Bluff sequence. In a general way, they seem to be useful in correlation. 

The best argument for the correlations suggested is that the beds distinguished 
occur in the same sequence from place to place. It seems likely that if existing bore 
records were more detailed it would be possible to make accurate sedimentary and 
palaeogeographical reconstruction of the whole Lakes Entrance district. 

Continuing N. along Princes Highway, we find that road cuttings over Toorloo 
Arm expose sediments of the older parts of the sequence. The section given is com¬ 
posite, using data from both N. and S. sides of the bridge. On the S. side Serripecten. 
Spondylus and Chlamys antiaustralis were observed at 57'-62' above water level 
which is approximately sea level. On the N. side Chlamys antiaustralis was noted 
from 82' above water level. At 98' above water level on the S. side, a 6" pebble 
gravel occurs in the soil and weathered sediment. It is almost horizontal, cutting 
across soil horizons, thereby reflecting the character of the original sediment. Bed 
(d), present only on the N. side, overlies beds of the marine sequence unconform- 
ably. 


7. Toorloo Arm Road Cuttings: 



Thick¬ 

Bed 

ness 

(d) 

56' 

(c) 

18' 

52' 

(b) 

39' 

(a) 

45' 


Description 

Poorly sorted brown, red and grey mottled pebbly sands. 

Sands with bands of calcareous sandstone and occasional Arachnoides. 

Covered interval. 

Creamy glauconitic calcareous silt weathering to a brownish ferruginous silt. Cal- 
citic mollusca present. Gradual transition from bed below. 

Yellow poorly bedded uncemented polyzoal limestone, upper part rich in calcitic 
mollusca. Clypeastcr present down to water level. 


A fuller sequence of the limestone is exposed in the track leading down to 
McRae’s Kiln, Toorloo Arm which is situated 1 m. NW. of the highway bridge 
over Toorloo Arm. 
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8. McRae’s Kiln, Toorloo Arm : 

Thick- 

Bed ness Description 

(c) 4' Brown and yellow polyzoal limestone with rather more ferruginous material than 

bed (b). Some sand grains. (Very occasional grains of sand are to be found in 
the upper part of bed (b) but none were observed in (a)). 

(b) 28' Yellow poorly bedded polyzoal limestone, thick with complete Spondylus, Clypeaster 

etc with finer polyzoal limestone developed in places, in others the shelly 
horizons develop into a coquinoid limestone. 

(a) 40' Poorly bedded creamy fine polyzoal limestone, rather greyish near base due to 

higher silt and clay fraction. The few bands of small mollusca present, not so 

thickly populated as in (b). No Clypeaster. 

The base of the measured section is 21' above lake level which is close to sea 

level. Beds (a) and (b) form distinct units in the field. Bed (c) appears to be the 

weathered upper part of (b). The lowest limestone exposed in the Princes Highway 
sections over Toorloo Arm (bed (a), section 7) is similar in lithology to bed (b) 
of this section. 

On Nowa Nowa Arm (at 053378, Hartland Military Map reference), about 
5 m. to the E. of McRae’s Kiln, cliffs of poorly bedded limestone contain Clypeaster, 
Spondylus, Ostraea, Anomia, brachiopods, etc which again form a coquinoid lime¬ 
stone similar to bed (b). 

The overall picture obtained is of very low southerly dipping Tertiary sediments 
warped up onto the flanks of the Palaeozoic highlands which fringe the basin to the 
N. Although the dip on the sediments is perhaps low enough to be considered as 
initial dip, the presence of the same molluscan assemblage in the top of the limestone 
formation above the Colquhoun granite quarry at an elevation of about 18(y, as in 
the top of the same formation at about sea level further out into the basin, shows 
that the beds have attained their present attitude mainly by mild tectonic influence. 
The only place in the area where actual faulting in the Tertiaries has been observed 
is in the road cutting on the Princes Highway on the S. side of Bunga Cr. where a 
throw of 3' or 4' is evident. 

Thus, because of the attitude of the beds and the presence of creeks, or lake arms, 
at or about sea level, which are crossed going northerly from Lakes Entrance, a 
fairly complete sequence is exposed. 

Descriptions of Rock Units 

In this paper it is not proposed to discuss the rock units in any detail. (This 
will be done in the near future by Dr A. N. Carter.) However, since the formations 
are involved with the problem in hand, and since two new units are present in the 
area discussed, a brief outline of the sequence of rock units will be given in ascending 
order. 

Bairnsdale Limestone: 

The Bairnsdale Limestone (Howitt 1874) is the oldest formation indicated in 
the measured sections. It is conveniently considered as composed of an upper shelly 
and lower dominantly polyzoal portion, as Crespin (1943) has already observed 
The McRae’s Kiln section is probably the best surface section available for study. 
The two units are represented by beds (b) and (a) respectively. In the Toorloo 
Arm section bed (a) belongs to the upper shelly portion. It is also well exposed in 
cliffs along Nowa Nowa Arm, L. Tyers. 
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Tambo River Formation : 

In 1949 Thomas and Baragwanath proposed a formal name for this unit which 
was left unnamed by Crespin (1943). Their term (Tambo Formation) was un¬ 
fortunate because of possible confusion between it and the well known Tambo 
Formation of Queensland (Whitehouse 1926) and the Mt Tambo ‘Series', N. of 
Bindi, Victoria (Gaskin 1943 and references). 

In Boutakoff (1955) the name was changed to Tambo River Formation. In 
published accounts this rock unit has not been given a satisfactory description. 

Following the Bairnsdale Limestone, a change in conditions resulted in an in¬ 
crease of terrigenous material to the area of sedimentation. The lithological change 
produced is most marked in a general shoreward direction where a gravelly facies 
is developed over a distance of at least 20 m. in the Bairnsdale area. It is not known 
from the Lakes Entrance area. Accompanying the increase of the terrigenous frac¬ 
tion is a corresponding increase in glauconite. Everywhere glauconite in various 
stages of oxidation to limonite is abundant. 

Passing upwards in the formation, the terrigenous fraction gradually changes 
from more silty to more sandy. There is a corresponding change in the fauna from 
dominantly polyzoal to dominantly shelly (Crespin 1943, p. 30) and glauconite, so 
richly developed in the lower portions, begins to become rarer. The junction of the 
Tambo River Formation with the overlying Jemmy's Point Formation cannot be 
observed in surface section in the Lakes Entrance area. In the Toorloo Arm section, 
where it might have been expected, a covered interval entirely masks the relation¬ 
ship, but bed (b) must represent almost the entire thickness of Tambo River For¬ 
mation. 

Crespin recorded a sharp lithological break between the Mitchellian and Kalim- 
nan strata (i.e. between the Tambo River Formation and the Jemmy’s Point For¬ 
mation), but wherever the writer has examined the formational boundary in the 
Bairnsdale area, the transition has been entirely gradual. 

Evidence from outcrops can add little towards solving the problem of exact 
formational definition, but since a distinctive break is at least not always present, it 
is suggested that the boundary should be drawn arbitrarily at the horizon where the 
sand-sized fraction of the terrigenous component first exceeds a certain limit. Or it 
may be that the percentage glauconite used in much the same way is a better indi¬ 
cator. Before a limit is finally decided upon systematic study of sediments from 
representative bores needs to be undertaken. 

Jemmy's Point Formation : 

This formation was introduced by Crespin as the rock unit approximately equi¬ 
valent to the rock-time unit of the Kalimnan Stage. The marine beds at Jemmy's 
Point were clearly meant to be the type of the formation. They have been described 
as shelly and otherwise calcareous silty sands and sandy calcarenite. 

One of the most distinctive features of the formation, which does not seem to 
have been sufficiently commented upon, is its lithological variety. This is one reason 
why it is difficult to define, but it is also one of its most distinctive differences from 
all preceding formations. Especially in that part of the Jemmy's Point Formation 
exposed above sea level at the type locality, the fairly homogeneous character of 
previous formations is lost and burrows, cross bedding and other structures become 
common. For the first time normal bedding becomes well developed in places and 
distinct lithological units may be traced from place to place with some confidence. 

These units, the Upper Shell Bed, the ‘foraminiferal silt' of Singleton (1941) 
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and others indicated in the descriptive section, almost attain the status of members 
but, until they are recognized from bores, no useful purpose would be served by 
adding to the list of named units. 

At the type locality the marine beds give way to what are believed to be lagoonal 
beds, and the top of the Jemmy’s Point Formation is bed (i) of Section 1. Similarly 
the top of the formation at Red Bluff and the S. side Bunga Cr. road cutting is 
represented by bed (j) (Section 4) and bed (e) (Section 5). 

On the N. side of Bunga Cr. no lagoonal beds succeed the ‘foraminiferal silt’ of 
Singleton, their place being taken by micaceous calcareous sands, which are strongly 
cemented in certain horizons. These beds contain casts and moulds of well preserved 
marine mollusca. Because of their lithological similarity to the material of the inter- 
formational folding units, they are best included in the Jemmy’s Point Formation. 
Similar remarks apply to bed (c), Section 7. 

The upper lO' or so of the Jemmy’s Point Formation is high in mica content and 
the succeeding lagoonal beds have some laminae composed mainly of mica. 

In areal extent the Jemmy’s Point Formation is exposed in outcrop from Nun- 
gurner to Lakes Entrance and around North Arm and L. Bunga in cliffs. The 
formation is also exposed in numerous road cuttings in this area, the most important 
of these having been indicated in the descriptive section. In the Bairnsdale area the 
formation does not occur in typical development. 

At the type section its thickness above sea level is 4<y-45' and below sea level 
similar beds seem to continue to 130'-140'. In the Bairnsdale area its thickness is 
much less, but in every case the marine beds are overlain by gravels with an im¬ 
portant erosional interval. 

Nyerimalang Formation : 

This name is proposed for what are believed to be lagoonal sediments which 
overlie the marine beds at Jemmy’s Point, Bunga Cr. (S. side) and Red Bluff 
without important erosional interval. Sediments of this formation are distinguished 
from those of the Jemmy’s Point Formation by absence of calcareous component. 

Boutakoff (1955) recorded leaf beds at Nyerimalang (locality F/7, parish of 
Colquhoun) resting upon Jemmy’s Point Formation and grading upward into the 
‘Haunted Hill Gravels’. These carbonaceous leaf beds, which are also considered to 
belong to the Nyerimalang Formation, actually immediately overlie more sandy 
beds typical of this formation at Jemmy’s Point. 

The sediments consist of sands, micaceous sands, carbonaceous silts and struc¬ 
turally mottled clayey sand. In the type section at Jemmy’s Point only beds (j)-(o) 
inclusive belong to this formation. Its average thickness is only a few’ feet. 

The relationship between this formation and overlying sands is transitional as 
noted by Boutakoff. The whole exposed sequence at Jemmy’s Point has only negli¬ 
gible erosional intervals and environmental changes as evidenced by lithological 
changes were gradual. 

Eagle Point Sands : 

For a thickness of sands with a distinct fluviatile size distribution, exposed in 
the lower part of the cliff section at Eagle Point, 17 m. W. of Lakes Entrance, the 
name Eagle Point Sands is here proposed. The section has been described by 
Dennant and Clark (1903). At this locality a thickness of cobble gravels overlies 
some &y of Eagle Point Sands with a strongly disconformable junction. The cobble 
gravels, which are clearly Chapman’s (1918, 1926) ‘Bairnsdale Gravels’ or ‘Torrent 
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Gravels , are currently (Boutakoff 1955) considered to belong to the Haunted Hill 
Gravels (Thomas and Baragwanath 1949). 

The sands at Eagle Point are correlated with the sands which succeed the 
Nyerimalang Formation at Jemmy's Point. These sands show a similar size distri¬ 
bution in the middle and upper portions, but towards the base are more clayey. 

The relationship of these coarse, poorly bedded sands with the folded, finely 
laminated lacustrine sandstone of the Lake Wellington Formation (Boutakoff 1955, 
1958) in a more westerly part of the basin is not known. 

Time — Rock Units 

It is proposed to deal with the stages historically in order to show how their 
usage has developed. 

Kalimnan 

The first work of importance on the area was produced by Dennant (1891) who 
described results of a field collecting trip to Jemmy's Point, Lakes Entrance and the 
cliff sections a few miles W. of Jemmy's Point. In this paper a list of some 110 
macrofossil species was given. The beds were aged as Miocene using Lyell’s per¬ 
centage method. 

A paper followed in 1898, which outlined the results of further work, enabling 
the approximate N. boundary of ‘Miocene’ strata between L. Tyers and Bairnsdale 
to be established (Dennant and Clark 1898). Additions and corrections to the 
previous fossil list were given, many of the new records evidently being from L. 
Bunga and Ritches' on the Mississippi Cr., the stratigraphic positions of which are 
close to that of bed (b), Section 6 of the present paper. As will be shown later, the 
thickness of Jemmy's Point Formation in this area (Bunga Cr.) is close to that at 
Jemmy's Point. Without too much error it may therefore be assumed that bed (b). 
Section 6 is equivalent to an horizon Ky-15' below sea level at Jemmy's Point, that 
is about 18'-23' below the Lower Shell Bed (c). 

These lists formed the basis of Dennant and Kitson's (1903) catalogue of 
Gippsland Lakes fossils. 

Local stages were introduced by Hall and Pritchard (1902) in an attempt to 
reduce the confusion caused by the use of European terminology. The Kalimnan 
stage was proposed as follows:— ‘Kalimnan—The beds at Jimmy's Point (= 
Jemmy’s Point) near the mouth of the Gippsland Lakes, are near the township of 
Kalimna. They were referred to Older Pliocene by Sir F. McCoy and by Mr. 
Dennant to the Miocene.' Since that time the stage name Kalimnan has been widely 
used, workers evidently feeling that this was one of the most respectable of the 
local stages. 

Thus, adhering strictly to the original definition, the Kalimnan fauna would be 
that in the cliffs above sea level at Jemmy’s Point. It has been seen, however, that 
the faunal lists of Dennant and Clark (1898) and Dennant and Kitson (1903) were 
diluted by records from beds equivalent to below sea level at Jemmy’s Point. This 
is probably also true of the list in Dennant (1891). Thus in actuality, when a 
Kalimnan age was assigned to a locality beyond the Lakes Entrance area, it was 
done on the basis of comparison with the gross fauna in beds above sea level and 
somewhat below sea level at Jemmy’s Point. 

By 1932 Chapman and Crespin were clearly using the Kalimnan in an even 
more extended sense, namely, in the sense of the fauna of the Jemmy’s Point For¬ 
mation. In fact, correlation was probably made not so much on faunas as on litho- 
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logy, a practical expedient which was well founded, for even at the present time it 
would be difficult to prove that the junction of the Tambo River Formation and 
Jemmy’s Point Formation is diachronous, except close to the old shoreline. The new 
usage of the Kalimnan was made possible by the additional data from oil bores. 

Chapman and Crespin divided the Kalimnan into three zones—Cl, C2 and C3— 
about a central shelly marker bed C2, which is usually about 10' thick. Near Jemmy’s 
Point, on the beach of North Arm, NW. approach to the bridge, Lakes Entrance, 
in No. 1 Government Bore (No. 3 Lakes Entrance), this bed was first met with at 
9CK (surface level 9'). The ‘Kalimnan’, which in fact in this case means Jemmy’s 
Point Formation, was listed as continuing down to 14(y. Unfortunately, the marker 
bed C2 is not known to the writer to occur above sea level in exposure and a faunal 
list has never been published from it. 

Singleton (1941, p. 42) consolidated this usage by precise definition and refer¬ 
ence to the measured section along the highway at Jemmy’s Point. ‘The Kalimnan 
may be defined as the interval of time represented by the deposition of the sandy 
marls and sandstones constituting beds (a)-(i) in the above sequence at Jemmy’s 
Point, Kalimna, together with similar beds down to 131' below sea level, proved by 
boring at this locality, as well as those represented in the preceding by non-de¬ 
position or erosion.’ Beds (a)-(i) in Singleton’s section also correspond to beds (a) 
to (i) in the writer’s section. 

In the beds above sea level Singleton distinguished two shell beds, upper and 
lower, and listed the more prominent mollusca of each. 

Crespin (1943) adopted Singleton’s usage, but referred to Singleton’s tw'O shell 
beds as zones (p. 30). ‘Singleton (1941) has described the section (Jemmy’s 
Point) in which he distinguishes an upper and a lower zone.’ Later (p. 38) in a list 
of outcrops from the lower zone, she grouped Jemmy’s Point (base of section) with 
others, such as Princes Highway, E. of L. Bunga and along Tram Track, Mississippi 
Cr., which occur in a stratigraphic position inferior to that of the Lower Shell Bed, 
Jemmy’s Point. 

Thus the lower zone was extended to include the fauna not only from the Lower 
Shell Bed, but down, apparently to the base of the Kalimnan. 

The comprehensive list of macrofossils given in that Bulletin unfortunately 
contains fossils from both of Crespin’s zones and includes fossils from beds equi¬ 
valent to both above and below sea level at Jemmy’s Point. 

Cheltenhamian 

The marine beds at Beaumaris (near Cheltenham), Port Phillip Bay, are 
disappointing because of the state of preservation of the contained molluscan species, 
but due to proximity to Melbourne have been the subject of a good deal of collecting 
from the end of last century till the present time. Literature references, therefore, 
are numerous. 

More recent stratigraphic accounts are given by Singleton (1941) and Gill 
(1957). Essentially, a calcareous sandy silt of Bairnsdalian age, as judged by the 
Cucullaea it contains, is overlain by a phosphatic nodule bed, a few inches in thick¬ 
ness, which in turn is overlain by a series of calcareous sands and ferruginous sand¬ 
stones. The unfossiliferous ferruginous sandstones at the top of the section at the 
Beaumaris boatsheds, which were excluded by Singleton from the type thickness of 
Cheltenhamian, raise some interesting problems which need not concern us here 
(Gill 1957, p. 174). 

The stage was introduced by Singleton (p. 35): ‘The Cheltenhamian may be 
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defined as the interval of time represented by the deposition of the nodule bed and 
of the overlying sandstones constituting beds (a) and (b) in the above sequence 
at Beaumaris, near Cheltenham, as well as those represented therein by non¬ 
deposition or erosion.’ Beds (a) and (b) refer to one of the two sections measured 
by Singleton in which 22' of Cheltenhamian beds are recorded. Gill 1957, p. 178, 
Fig. 15, referring to the other section, makes the thickness up to about 35' by in¬ 
cluding the bed above, but this was evidently not Singleton’s intention. 

Of the available lists of macrofossils (Pritchard (1892), Hall and Pritchard 
(1897) and Dennant and Kitson (1903), only Hall and Pritchard (1897) give 
lists free of fossils from below the nodule bed. The writer feels, without much fear 
of error, that the mollusca in the latter list may be taken as coming from above the 
nodule bed. Indeed the majority of mollusca collected from Beaumaris come from 
Singleton’s bed (a), NE. of the boatshed and a few feet above it. This means that 
the Cheltenhamian molluscan fauna has been principally obtained from 5' or 6' of 
calcareous sands near the base of the type thickness of sediment. None of the 
characteristic mollusca listed by Singleton is restricted to the stage. 

Mitchellian 

The Mitchellian Stage was introduced by Crespin (1943, p. 25) for ‘passage 
beds between the Balcombian and Kalimnan Stages’, noting that ‘the sediments 
consist of marls containing a mixed assemblage of Balcombian and Kalimnan species 
of foraminifera, bryozoa and mollusca, the characteristic fauna of the former stage 
dominating the basal portion and that of the latter the upper part’. 

The Water Trust excavation near Bairnsdale was designated as the type section, 
although it was admitted that the full thickness of Mitchellian sediments was 
probably not completely present. In this section the junction between the Tambo 
River Formation and underlying Bairnsdale Limestone is visible. Just as the 
Kalimnan was eventually defined on a primarily lithological basis, so the Mitchellian 
was defined as a time-rock unit approximately equivalent to an unnamed tran¬ 
sitional formation, which, as we have seen, was later named the Tambo River For¬ 
mation. 

Small lists of macrofossils and microfossils were presented for each of two beds 
in the lower portion of the section. Because of absence of a stratigraphic section in 
Crespin’s work, the author has not been able to locate the collected levels with cer¬ 
tainty, but it may be assumed that the lower one at least, which was collected (p. 26) 
from ‘just above that containing large bivalves typical of the type locality for the 
Bairnsdale Substage’, is representative of a very low horizon in the Mitchellian. 

The list unfortunately contained no mollusca and the second sample from the 
lower portion contained only 12 species. A further list from ‘beds representing the 
upper portion of the stage’, but not from an accurately specified position contained 
27 molluscan species. 

Description of the type surface section was supplemented by a standard sub¬ 
surface section, namely No. 11 Bore, Parish of Colquhoun. According to Crespin, 
the Mitchellian was met with at 195', but we should note that this is the boundary 
between the Jemmy’s Point and Tambo River Formations. An extensive list of 
microfossils and macrofossils was given from beds met with from 195' to 238'. From 
238' down to 294' fewer macrofossils were identified, but microfossils were increased. 

No restricted zonal species were indicated, and the characteristic feature of the 
Mitchellian was evidently considered to be the presence of a mixed assemblage of 
Kalimnan and Balcombian (Bairnsdalian) species. 
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Kalimnan-Mitchellian Faunas in the Gippsland Basin 

It is desirable that some explanation of the appended fossil lists should be 
given. They have been prepared using the Chappie, Cudmore and Dennant 
collections in the National Museum of Victoria, Melbourne, supplemented by 
the writer’s own field collections. The locations of all recorded specimens are 
entirely trustworthy. It should be realized that most of the species were de¬ 
scribed by Tate from the Grange Burn Coquina, Hamilton, Western Victoria, 
and combined geographical and stratigraphical differences make the Gippslancl 
Basin equivalents in many cases subspecifically or specifically different. To 
solve this problem many species have been recorded by affinity. The same 
problem has been met by Ludbrook (1954) in her description of the mollusca 
of the Dry Creek Sands, Adelaide. 

Many complex groups, such as the Turritellidae, Naticidae and Marginelli- 
dae are entirely absent, or are sparsely recorded in the lists, though it is 
probable that, if such groups were thoroughly examined, many excellent 
marker species would be found. The absence of a recorded species from any 
locality means that it is not present in any of the collections examined. Unrecorded 
species are not necessarily absent from any locality. 

In the attached lists 3 fairly distinct ‘Kalimnan’ assemblages can be recog¬ 
nized. The lower one is represented by Bunga Cr. (Section 6, bed (b)) and 
Tramway Cutting, Mississippi Cr., but the exact stratigraphic position of the 
former only is known. The other 2 assemblages are from the Lower Shell Bed, 
Jemmy’s Point, and from the Upper Shell Bed at Jemmy’s Point and its equi¬ 
valents (Bunga Cr., Section 5, bed (c) and Nyerimalang). The assemblage 
from Meringa Cr. is midway between the two lower assemblages, having other¬ 
wise restricted elements of both. So far as the stratigraphy of its occurrence 
is known, it is not at variance with this placing of the assemblage. 

The other Gippsland fauna listed, that from Rosehill Farm on the Mitchell 
R. comes from the upper part of the Tambo River Formation and presumably 
therefore from the upper part of the Mitchellian. It is hoped that the stratigraphy of 
the Mitchell R. sequence will be described in the near future at which time the exact 
position of the shell bed will be indicated. 

The relationship of Chapman and Crespin’s marker bed C2 with the other shell 
beds needs to be clarified. At L. Bunga, about } m. SE. of where the highway 
crosses Bunga Cr., Lakes Entrance Development Bore No. 1 was put down, surface 
level being 9' above sea level. From the Bunga Cr. Road Cutting (Section 6), a 
total of about 98' of sediments is recorded from below the top of the Upper Shell 
Bed to creek level which is not far above sea level. According to Chapman and 
Crespin (1932), 93'-111' of Kalimnan sediments occur below sea level in this bore. 
Allowing for the more southerly position of the bore from the surface section, it is 
reasonable to assume that the thickness of ‘Kalimnan’ sediments at Bunga Cr. is 
within 10'-20' of the thickness at Jemmy’s Point. 

Samples from the L. Bunga bore referred to above were only made available to 
Chapman and Crespin from 102'. Unfortunately the critical portion for our purpose 
was unsampled and the bore log (Mines Department, Victoria 1938, p. 24) is not 
detailed enough to be useful. However, if the marker lied C2, which Chapman and 
Crespin recorded from 90'-100' below sea level at Jemmy’s Point, is nearly as con¬ 
stant in its occurrence as these authors maintained, it would be expected at about 
30'-40' below sea level at the Bunga Cr. section. This bed would undoubtedly have 
another distinct assemblage. 
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We are thus left with 5 molluscan assemblages in the Upper Miocene-Lower 
Pliocene sequence. The writer’s work on the Tertiaries along the N. boundary of 
the Gippsland Basin where erosional intervals may be expected to have developed, 
if anywhere, has convinced him that there is no appreciable break in the Upper 
Miocene-Lower Pliocene sequence. Although the Mitchellian and Kalimnan stages 
defined have no distinct faunal limits, it is clear that they must be continuous with 
one another without a break. 


TOP OF SINGLETONS ®UPPER SHELL BED* ' 

KALIMNAN 

TOP OF LOWER SHELL BED, BUNGA CREEK >. 

CHELTENHAMIAN 


TOP OF SHELL BED, ROSEHILL FARM 

MITCHELLIAN 

TOP OF BA1RNSDALE LIMESTONE (CRESPIN)^ 

BA1RNSDALIAN 


pig 2 _Diagram showing proposed redefinition of Upper Tertiary local stages. 

Re-definition of the Kalimnan 

The top of the Kalimnan stage may be conveniently re-defined by using the 
fauna of the Upper Shell Bed at Jemmy’s Point, the molluscan portion of which is 
partly listed herein. The foraminifera will be listed in the near future by Dr A. N. 
Carter. As we have seen, this bed is the precise equivalent of beds (c) and (g) and 
(h) of Sections 5 and 6 respectively (Bunga Cr.), and probably also the nrecise 
equivalent of the shell bed at Nyerimalang. 

This means that the overlying marine bed (i) at Jemmy’s Point, is post- 
Kalimnan in age. There is no real advantage in extending the Kalimnan up to 
include the poor fauna of this bed which would be more in accord with Singleton’s 
definition if not with usage, for whereas non-marine sediments succeed this bed at 
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Jemmy’s Point, a thickness of some 2O' of poorly fossiliferous marine sediments 
succeed the equivalent bed in the Bunga Cr. road cutting (N. side). 

Thus, even if, at the type locality, the Kalimnan was defined to include the fauna 
of bed (i), there would be post-Kalimnan marine beds in the vicinity so that no 
useful purpose would be served. 

The base of the stage is much more difficult to re-define, for it is not merely a 
matter of convenient definition, but it is also necessary to consider relationships 
with the Cheltenhamian and Mitchellian Stages. 

Cheltenhamian Equivalents in the Gippsland Basin 

Since the Mitchellian Stage was introduced by Crespin in 1943, two years after 
Singleton introduced the Cheltenhamian Stage, most workers, both within and out¬ 
side Australia (David 1950, Withers 1953, Fairbridge 1953, O. P. Singleton 1954, 
Gill 1957, Glaessner 1959), have felt that in the absence of further evidence the 
Mitchellian should provisionally be placed in synonomy with the Cheltenhamian. 
Crespin (1950), however, has maintained her 1943 position, which was that the 
Cheltenhamian was equivalent to the lower part of the Kalimnan. 

Finlay (1947) on certain foraminiferal evidence suggested that there may be a 
concealed stratigraphic break between the Mitchellian and the Bairnsdalian. If this 
were so, it would leave open the interesting possibility that the Cheltenhamian is 
antecedent to the Mitchellian. Ludbrook (1957), working on a very full sequence in 
the South Australian portion of the Murray Basin, suggested the presence of an 
unnamed stage between the Cheltenhamian and Bairnsdalian. This possibility is 
even more interesting for, if the ‘unnamed’ stage were the Mitchellian, the position 
would be virtually the same as Crespin (1943). 

In the appended molluscan lists the Cheltenhamian fauna is compared with 
those of the Mitchellian and ‘Kalimnan’. It will be observed that in a general way 
the Cheltenhamian fauna has as much affinity with those of the ‘Kalimnan’ as with 
the Mitchellian. 

Some of the more significant elements deserve comment. The glycymerids of 
the Cheltenhamian are decidedly of the ‘Kalimnan* type whereas those of the 
Mitchellian are of the Balcombian-Bairnsdalian type. The Tylospira of the Chelten¬ 
hamian is the ‘Kalimnan’ coronata, not the Mitchellian clathrata. Corbula aff. coxi 
Pilsbry is not present in Mitchellian or older strata as far as the writer has ob¬ 
served, but a related form is recorded from the Cheltenhamian at Beaumaris. The 
closest approach to Cucullaea aff. praelonga from Beaumaris is made by the Cucullaea 
at Mississippi Cr. in the Gippsland Basin sequence. Both Bankivia and Liopyrga, 
which at present are not known before the Kalimnan in the Gippsland Basin, occur 
in the Cheltenhamian. However, the different species of Liopyrga involved and the 
extended range of L. quadricingulata in the Murray Basin (Ludbrook 1961) largely 
vitiates this observation. The Eucrassatella from Beaumaris is closer to the ‘Kalim¬ 
nan’ kingicoloides than to the Eucrassatella from the Mitchellian. Mactra hamil - 
tonensis is known only from Beaumaris and Pliocene localities. 

On the other hand, the strikingly older elements in the Cheltenhamian fauna 
must not be overlooked. Aturia australis deserves a special mention. This older 
element was commented upon by Hall and Pritchard (1897). 

All evidence considered, it seems that the closest approach to the Cheltenhamian 
fauna is made by that of the lower Bunga Cr. group, but it is probable that an even 
closer comparison might be made with the unlisted fauna of marker bed C2 which 
occurs lower in the Kalimnan. 
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Problem of the Nodule Bed 

It will be recalled that in Singleton’s type thickness of sediment at Beaumaris, 
the phosphatic nodule bed was included. The Cucullaea below the nodule bed indi¬ 
cates that the silty sands are of Bairnsdalian age. On the approach developed, this 
means that the entire thickness of Mitchellian is missing or represented by the 3" 
nodule bed. In view of this uncertainty, and also because it is not possible to get an 
adequate fauna from this bed, it is here suggested that the nodule bed is better 
removed from the type thickness of sediment. If this is done, however, the period of 
time represented by the deposition of the 5' or 6' of sediment from which the listed 
fauna was collected would most likely be small, and it is probable that during this 
time only a small portion of the lower part of the Kalimnan in the Gippsland Basin 
would be deposited. 

Like the Balcombian, which also has its type section on the E. side of Port 
Phillip Bay, the type section is therefore poor and presents considerable difficulty 
to the stratigrapher. Furthermore, if, as suggested herein, the Cheltenhamian is 
represented in Gippsland by some portion of the lower part of the ‘Kalimnan’, the 
‘Kalimnan’ has clear priority and the Cheltenhamian should lapse into synonomy as 
Crespin originally suggested. 

On the other hand, the Lower ‘Kalimnan’ has a distinctive molluscan fauna, and 
it should have stage status. Accordingly, it is suggested, for the criticism of other 
workers, that the term Cheltenhamian be used for that portion of the Gippsland 
Basin sequence between the top of the shell bed at Rosehill and the top of the lower 
shell bed (b) in the Bunga Cr. road cutting (N. side). It is therefore faunally 
defined by beginning just above the topmost Mitchellian and finishing just above 
the fauna ci the lower shell bed at Bunga Cr. The fauna of Chapman and Crespin’s 
marker bed C2, unlisted at present, low in their Kalimnan, will be, when it is known, 
a useful central marker for the Cheltenhamian as newly opposed. 

The top of the Bairnsdalian and therefore the base of the Mitchellian remains 
poorly defined on both mollusca and foraminifera (Carter 1959), but it should prove 
possible to improve the position in the future. 

One serious objection which can be made to this analysis is that the correlation 
suggested may be a correlation of facies rather than time. The writer has shown 
(Wilkins 1962) that, following the Bairnsdalian, there was a gradual shallowing of 
waters along the N. boundary of the Gippsland Basin. However, the environmental 
range over the region of comparison is hardly great enough to markedly affect the 
attempted correlation, although it would be surprising if facies has not made some 
contribution. 

The Miocene-Pliocene boundary in the Gippsland succession is an entirely dif¬ 
ferent problem and one on which the mollusca have little to contribute. Not only are 
pelagic foraminifera scarce in the Gippsland Basin (Carter 1959), but pelagic 
molluscs are correspondingly rare. The present paper records the first finding of 
the pelagic janthinid Hartungia from the Gippsland Basin. The record is based 
upon a small but definite fragment from the Upper Shell Bed of the Bunga Cr. road 
cutting (S. side). It is not unreasonable to assume that it belongs to the only Aus¬ 
tralian species, H. dennanti (Tate). The species group to which Hartungia den - 
nanti belongs is known only from the Pliocene (Fleming 1953). Aturia australis, 
though not found in the Gippsland Basin, is not uncommon at Beaumaris in the 
Cheltenhamian. The genus apparently does not range above the Miocene, although 
it is conceivable that the local species could have lingered on into the Pliocene. Until 
pelagic foraminifera are better known from this portion of the column, it is probably 
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least confusing to retain the boundary in its customary place, between the Chelten- 
hamian and Kalimnan, even though they have been re-defined. 

Conclusion 

Molluscan evidence and detailed stratigraphy combine to suggest that the Chel- 
tenhamian is equivalent to some part of the Lower Kalimnan as Crespin suggested 
in 1943. However, because this horizon has a distinctive molluscan assemblage, it is 
proposed that by suitable re-definition of the stages in the complete Gippsland Basin 
sequence, all 3 stages, Mitchellian, Cheltenhamian and Kalimnan will become valid 
and useful. For present convenience it is suggested that the Miocene-Pliocene 
boundary be continued to be drawn between the Cheltenhamian and Kalimnan. 
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Locality 1. 

2 . 

3 . 

4. 

5. 

6 . 

7. 

8 . 
9. 


Appendix—Faunal Lists 

Rosehill Farm, Mitchell R. 

Above the nodule bed, Beaumaris. 

Bunga Cr., bed (b), Section 6. 

Mississippi Cr., Tramway Cutting. 

Meringa Cr. Road Cutting, c. 15 ft above S.L. 
Lower Shell Bed, Jemmy’s Point. 

Upper Shell Bed, Jemmy’s Point. 

Nyerimalang (Cudmore Collection). 

Bunga Cr., bed (c) # Section 5. 


Species 

1 

2 

3 

4 

5 

6 

7 

Alocospira orycta (Tate) 

X 

X 

X 

X 

X 

X 

X 

Antephalium muelleri (Tate) 


X 






Antigona cognata (Pritchard) 

X 

X 


X 




Arcturellina depressulata (Ch. & Cr.) 



X 



X 

X 

- gippslandica (Ch. & Cr.) 



X 

X 

X 



- solida (Tate) 


X 






-sp. nov. 



X 


X 

X 

X 

Argobuccinium aff. bassi (Angas) 



X 

X 

X 

X 


A stele sp. nov. 


X 

X 





Aturia australis McCoy 


X 






}Austrosassia sp. nov. 

X 







Austrotriton sp. nov. 

X 







Austrovoluta sp. nov. 1 



X 





-sp. nov. 2 

X 







Bankivia howitti Pritchard 






X 

X 

-aff. fasciata (Menke) 


X 




X 

X 

Bassina paucirugata (Tate) 







X 

Cardita kalimnae Pritchard 



X 

X 

X 



Corbula aff. coxi Pilsbry 


X 

X 


X 

X 

X 

- ephamilla Tate 

X 

X 

X 

X 

X 

X 

X 

Cucullaea aff. praelonga Singleton 

X 

X 

X 

X 



X 

' Daphnella ' granulosa Ch. & Cr. 



X 





Eglisia aff. triplicata (Tate) 

X 

X 

X 

X 

X 

X 

X 

Electromactra howchiniana (Tate) 


X 






Etrema gippslandensis Powell 



X 





Eumitra aff. alokisa (T. Woods) 



X 


X 



Fusus gippslandicus Tate 



X 

X 

X 

X 

X 

Gari hamiltonensis (Tate) 


X 






Gemmaterebra aff. catenifera (Tate) 



X 

X 




- subcatenifera (Tate) 





X 

X 

X 

Gians dennanti (Ch. & Cr.) 



X 

X 




?- spinulosa (Tate) 


X 






-aff. spinulosa (Tate) 

X 







Glycymeris cainozoica (T. Woods) 


X 






- halli Pritchard 


X 






- paucicostata Pritchard 





X 

X 

X 

Hartungia sp. 








Hauturua exuta Powell 



X 


X 



Hina cainozoica (T. Woods) 

X 







Homalina valphi (Finlay) 

X 

X 

X 

X 

X 

X 

X 

Latirus aff. approxintans Tate 



X 

X 

X 

X 

X 

Leionucula kalimnae (Singleton) 


X 

X 


X 

X 

X 

-aff. kalimnae (Singleton) 

X 







Limopsis beaumariensis Chapman 

X 

X 

X 

X 




Liopyrga quadrieingulata Tate 





X 

X 

X 

- sayceana Tate 


X 






Lissarca sp. nov. 

X 







Mactra axiniformis Tate 








- hamiltonesis Tate 


X 







8 


9 


X 


X 


X 



X X 

x X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X X 

X X 


X X 
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Species 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Marginella crassidens Ch. & Cr. 



X 

X 






• -- hordacea Tate 


X 





x 



- kalimnae Ch. & Cr. 



X 

X 






-sp. nov. 







X 

X 


Mauidrillia intumescens Powell 



X 







Micantapex pritchardi (Tate) 

X 

X 

X 

X 

X 

X 




- sayceanus (Chapman) 

X 


X 

X 

X 


X 

X 


Neotrigonia acuticostata (McCoy) 

X 

X 

X 

X 






Nassarius crassigranosa (Tate) 



X 


X 

X 

X 

X 

X 

- sublirella (Tate) 



X 





X 


Neotrigonia howitti (McCoy) 




X 

X 

X 

X 

X 

X 

-- aff. howitti (McCoy) 





X 





Niso psila T. Woods 

X 









Notocallista submultistriata (Tate) 


X 



X 

X 


X 


Olivella nymphalis (Tate) 

X 

X 

X 

X 

X 

X 

X 


X 

Ovaleda aff. obolella (Tate) 

X 









Parcanassa aff. pauperata (Lamarck) 







X 



Pervicacia leptospira (Tate) 


X 








Phos gregsoni Tate 



X 

X 

X 





—--aff. gregsoni Tate 

X 









-aff. liraecostatus (T. Woods) 



X 

X 






- tuberculatus Tate 






X 

X 

X 


Placamcn subroboratum (Tate) 



X 


X 

X 

X 

X 

X 

-sp. nov. 

X 

X 

X 

X 






Polinices cunninghamensis (Harris) 



X 



X 

X 

X 

X 

Poroleda huttoni (T. Woods) 


X 








Reticunassa tatei (T. Woods) 

X 






X 



Scaeoleda acinaciformis (Tate) 


X 








- crassa (Hinds) 



X 


X 

X 

X 

X 

X 

-aff. woodsi (Tate) 

X 

X 

X 


X 

X 

X 


X 

Sigaretotrema subinfundibulum (Tate) 

X 

X 

X 







Singleton aria lirata (Tate) 



X 


X 





Solar iella strigata (T. Woods) 


X 








Sy dap her a wannonensis (Tate) 



X 


X 

X 

X 

X 

X 

-sp. nov. 



X 



X 




Tawera dennanti (Ch. & Cr.) 


X 

X 

X 

X 

X 

X 

X 

X 

-sp. nov. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Tellina albinelloides Tate 








X 

X 

-aff. albinelloides Tate 

X 









* Terebra ’ geniculata Tate 


X 




X 

X 


X 

- sp. nov. 







X 

X 


Tylospira coronata (Tate) 


X 

X 

X 

X 

X 

X 

X 

X 

- clathrata (Tate) 

X 









Tomopleura dilectoides (Ch. & Gab.) 






X 

X 

X 

X 

-aff. dilectoides (Ch. & Gab.) 


X 








Tr achy cardium gippslandicum Crespin 




X 






*Trichotropis* sp. nov. 



X 

X 

X 





Tucetilla aff. striatularis (Lamarck) 


X 








-aff. tenuicostata (Reeve) 

X 

X 

X 

X 






Tucetona convexa (Tate) 


X 








-aff. decurrens (Ch. & Sing.) 


X 

X 

X 






- gunyoungensis (Ch. & Sing.) 

X 









- subtrigonalis (Tate) 

X 









Uromitra euglypha (Tate) 



X 


X 





- aff. terebraeformis (Tate) 


X 



X 

X 

X 



Vimentum calva (Tate) 


X 








- subcornpacta (Ch. & Cr.) 



X 

X 






Zemira praecursoria Tate 


X 








Zenatiopsis angustata Tate 



X 

X 




X 

X 
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DESCRIPTION OF A NEW SPECIES OF BONELLIA 
[ECHIUROIDEA, ANNELIDA] FROM VICTORIA 

By Barbara J. Nielsen, MSc 

Abstract 

The male and female of a new species of Bonellia (B. gigas) are described The presence 
of mature breeding animals in southern Victorian waters indicates that the occurrence of the 
genus in Port Jackson, New South Wales is not necessarily fortuitous, as has been suggested 
by earlier writers. 

Introduction 

In 1920 Johnston and Tiegs described a new species of Bonellia (B. haswelli) 
from Port Jackson, New South Wales. This description was based on 2 specimens, 
one obtained by Whitelegge in 1889, the other by Haswell in 1885. 

Between 1889 and 1920 there are only 3 records of Bonellia occurring in Aus¬ 
tralian waters, 2 from Western Australia, and one from N. Queensland. Dakin, in 
his report of the expedition of 1913 to the Houtman Abrolhos Islands, mentions 
that 2 specimens of Bonellia were found. In an earlier paper on the marine biology 
of Western Australia, he records further specimens obtained by dredging in Fresh¬ 
water Bay (Swan R. Estuary) and off Garden Island. Hedley (1906) mentions a 
large specimen from Masthead Island, Queensland. 

There are no published records of Bonellia from Victorian waters although Dr 
F. H. Drummond (pers. com.) has seen animals living at Point Lonsdale on 4 
occasions, in 1930, 1954, January 1955 and January 1956. 

In 1953 the writer saw several animals living on a low reef at Flinders, Western 
Port and, on a subsequent visit, collected 3 specimens. Two years later in 1955, 
another visit to the same reef yielded 7 specimens, 3 of which were retained for 
examination. 


Type Locality and Habitat 

At the time of writing, this species of Bonellia had been observed only at 2 
localities in Victoria; Flinders on the W. side of Western Port, and Point Lonsdale 
on the W. side of the entrance to Port Phillip. It is proposed to designate Flinders 
as the type locality for this species. 

At Flinders the reef on which the animals are found stretches across the bay 
between the jetty (to the N.) and West Head, a prominent basalt point to the S. 
protecting the reef from the rough seas of Bass Strait. This reef is accessible only 
during the very low spring tides (from 0 0 ft to 0 2 ft) although the crest may be 
uncovered at other times (e.g. on 0 3 ft or 0 4 ft tides). The accessibility of the reef 
is dependent also on the wind direction, an onshore wind preventing exposure of 
the reef even if the tides are favourable. Thus the reef remains wholly or partially 
submerged for the greater part of the year. 

It is separated from the shore by a deep channel (2 metres) and is composed of 
decomposed basalt covered in many places by a sandy mud over which numerous 
loose rocks are strewn. In general, the Bonellia are restricted to the shore side and 
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the middle of the reef. They live under the loose rocks, usually resting on the surface 
of the sand, which is always water-logged, as the crest of the reef rises only about 
15 cm above very low water mark. 

At Point Lonsdale the reef, which partially bars the entrance to Port Phillip, is 
composed of dune limestone. There is a long wave-platform, broken by deep rock 
pools, the bottoms of which are strewn with flat pebbles and boulders. The Bonellia 
are found in these pools under the loose rocks. 

Description of the Female 

The female is typical of the genus Bonellia. The body is sac-like with a long 
proboscis, bifurcated at the end, which can be extended to 2 or 3 times the length of 
the body (PI. XIV). 

The specimens varied in size. In the largest the body was 11 cm long and 4 cm 
wide; the proboscis was 35 cm long. Most specimens were smaller, the body being 
about 8 cm long, 4 cm wide and the proboscis 30 cm long. These measurements were 
made on animals preserved in formalin, after narcotizing with a mixture of ether 
and sea-water. It is virtually impossible to make accurate measurements of the living 
animal as it is in an almost constant state of motion, waves of contraction passing 
down the body-wall so that its shape is always changing. 



Fig. 1—Chetae of female (x 100). 













DESCRIPTION OF A NEW SPECIES OF BONELLIA 


63 


The epidermis of the body is of the usual deep green, that of proboscis a paler 
green, the bifurcation of the latter being edged in pale yellow. The epidermis is 
covered with transverse rows of flattened papillae which are more prominent to¬ 
wards the posterior end of the animal. 

The ciliated groove runs along the length of the proboscis leading to the mouth 
at its base. The anus is surrounded by broad flat papillae. 

On the ventral side of the animal 2 chetae project. These chetae are about 
112 mm long and have a maximum width of 0 08 mm. About 0T6 mm of each 
cheata projects through the skin, the remaining portion, imbedded in muscle, being 
flat and blade-like. The protruding portion is crossed by microscopic alternating 
bands of dark and light brown. In some animals one or two immature chetae can 
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Fig. 2—Female dissected from dorsal side. 
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be seen imbedded in the skin near the mature chetae. Unlike the chetae of B. haswelli , 
which are curved at their tip, the chetae of this species are straight (Fig. 1). 

The external opening of the nephridium lies immediately posterior to the chetae, 
slightly to the left of the mid-ventral line. During fixation of the animals collected 
in 1955, portion of the nephridium was extruded through the external opening. The 
extruded portion was a muscular tube about 8 mm long, its orifice surrounded by 
short blunt broad papillae. The epidermis of the tube is continuous with that of the 
body, there being no indication of rupture. The 3 specimens with protruded nephridia 
were all mature as the internal portions of their nephridia contained fully developed 
eggs and males. This tube evidently serves to expel the eggs into the surrounding 
water. 

The general anatomy of the female differs very little from that of the European 
species Bonellia viridis (Fig. 2). The mouth opens into a wide pharynx about 
1 5 cm long, which leads into a narrow thin-coiled oesophagus. The oesophagus is 
about 2 cm long and coiled. It opens into a wide thin-walled intestine which is 
strongly coiled, extending the length of the body and narrowing slightly at the 
posterior end. The alimentary canal is held in place by numerous mesenteric strands 
which pass from the body wall to the intestinal wall. There is no equivalent of the 
siphon described by Johnston and Tiegs in Bonellia haswelli and also in Pseudo - 
bonellia biuterina. The pharynx is pale yellow, the intestine bright yellow up to the 
last loop, which is pale yellow. 

The pair of anal vesicles, arising from the hind gut close to the anus, resemble 
those of the other species. Each consists of a wide thin-walled vesicle into which 
open about 13 tubes. The latter branch distally 3 or 4 times into smaller tubes, each 
of which branch into many ciliated funnels which connect the vesicle with the body 
cavity. The vesicle is pale yellow, the clusters of tubules orange brown. The actual 
arrangement of the tubes on the vesicle differs markedly from that shown for B. 
haswelli. In this species the tubes are widely separated and are sparsely covered 
with ciliated funnels, while in the present species the tubes are close together, 
dividing into many ciliated funnels. These vesicles are held to the body wall by 
mesenteric strands, many of which join on to the branching tubes. 

The vascular system and nervous system are similar to those of other species. 
The vascular system consists of a ventral vessel which bifurcates at the pharynx to 
give two vessels which run up either side of the proboscis. Another large vessel, 
which runs about three-quarters of the length of the intestine from near the level of 
the external opening of the uterus, enters the ventral blood vessel in this region. The 
nervous system, macroscopically, consists of a pharyngeal ring and a ventral nerve 
cord. 

The ovary, as usual, is spread along the main ventral blood vessel with a small 
portion extending as a clump a short distance along the intestinal vessel. It is 
generally yellow and beset with bright orange spots representing developing ova. 
The body fluid contained numerous ova which were almost colourless. 

The segmental organ or nephridium is on the left side and opens to the exterior 
just left of the mid-ventral line, as described above. The nephridium is an exception¬ 
ally large pale green sac about 5 cm in length in large specimens and extending back 
at least half-way along the body cavity. The anterior half is thin-walled but the wall 
becomes progressively thicker posteriorly owing to the development of a strong 
muscle sheet. The nephrostome is situated one-third of the way from the posterior 
end, it is bright yellow and strongly crenated. The nephrostome contains many eggs. 
In one specimen there were 6 males, in another 2, others again were devoid of males. 



Fig. 3—Male of Bonellia gigas. 
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Description of the Male 

Of the species of the genus in which the male is known, that of the Japanese 
species B. miyajimai Ikeda (1907) resembles most closely the male of the present 
species. The male of B. miyajimai is 2 cm long while the male of the present species 
is 1*9 cm long. The male of the European species B. viridis is only 0-1 mm long. 

The males are worm-like creatures about 1 mm wide at the anterior end tapering 
to 0*5 mm at the posterior. They are deep green in colour and, as mentioned above, 
are found in the nephridium of the female. Chetae are not present but there appears 
to be a sucker or clasper at the posterior end (Fig. 3). 

The description of the male is based on a whole specimen stained with Delafield’s 
Haematoxylin and cleared in clove oil, and also longitudinal sections, cut at 10 /* 
and stained with Heidenhain’s Haematoxylin. 

The whole mount revealed the greater part of the anatomy as the body wall is 
very thin, only one cell thick and there is very little muscle underlying the epidermis, 
except towards the anterior end. 

The epidermis is composed of ciliated columnar cells with darkly staining nuclei, 
resting on a very thin basement membrane. Beneath these cells there are sparsely 
scattered strands of longitudinal muscle. At the anterior end there is a thick layer 
of connective tissue cells. From the wall of the coelom, strands of connective tissue 
project into the coelom at regular intervals along the wall giving the appearance of 
segmentation. 

The only evidence of an alimentary canal is a long narrow mass of large vac¬ 
uolated cells with nuclei having much chromatin and a prominent nucleolus, the 
cytoplasm being clear. This organ extends from the anterior end nearly to the pos¬ 
terior end. There is no mouth, no anus and no evidence of a lumen in the alimentary 
canal. 

The only other organ present is the segmental organ or nephridium which is at 
the anterior end opening just behind the tip of the animal. It is a long thin tube, 
about 3 mm long opening to the coelom by a small nephrostome. The lumen is 
packed with mature sperm. 

Floating in the coelom are numerous morulae of sperm, consisting of a large 
central mass of cells on which are small round balls of developing sperm. The 
position of the testis is uncertain but sections indicate it may be towards the pos¬ 
terior end of the animal. 

It is proposed to call this species Bonellia gigcis. The type is kept in the Museum 
of the Zoology Department, University of Melbourne. 

The presence of this species as far S. as Western Port, Victoria, indicates that 
the theory of Hedley (1915) and Johnston and Tiegs (1920) is untenable. These 
writers suggest that the Sydney B. haswelli travelled S. from tropical waters as 
trochophores and did not breed in the colder waters. It would seem that B. gigas is 
well established both at Flinders and Point Lonsdale. Possibly it is a remnant of the 
warm water fauna present in this region during Tertiary times. There is strong 
evidence from fossil marine molluscan fauna that during these periods the seas in 
southern Australia were much warmer. 
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TERTIARY STRATIGRAPHY AND SEDIMENTATION IN 
THE GEELONG-MAUDE AREA, VICTORIA 

By J. M. Bowler 
Abstract 

Shallow shelf sedimentation occurred in many parts of southern Victoria, including the 
Geelong area, during Tertiary time. A complete marine cycle of deposition is represented 
commencing with basal sands and passing to shallow-water limestones (calcarenites) developed 
during Oligo-Miocene trangression. In late Batesfordian time (L. to M. Miocene) considerable 
deepening of the sea occurred associated with maximum transgression. Granite islands were 
submerged and a widespread change from limestone to an argillaceous facies developed. 

Stable conditions continued into Bairnsdalian (U. Miocene) with the sea becoming ever 
shallower due to slow infilling of the basin. Uplift in U. Miocene led to shallow seas and 
considerable submarine erosion, accompanied by the formation of a widespread phosphatic 
nodule bed. The nodules are, in part, reworked concretions, formed in the underlying sediment 
and concentrated during later erosion, A thin cover of shallow-water sands with marine fossils 

overlies them. # 

During the main sedimentary cycle, minor local regression occurred W. of the Rowsley 
Fault enabling basalt to be extruded over Janjukian (U. Oligocene) marine sediments near 
Maude. This was followed by erosion and transgression across the basalt surface with the 
disconformablc accumulation of the Upper Maude Limestone. 

In the transgressive deposits, formation boundaries are diachronous and strong environmental 
control of faunas is often evident. Some time-rock correlations are tentatively suggested. 

Throughout the Tertiary, the location of shoreline in the Geelong region was controlled by 
tectonic lineaments. A succession of movements is postulated along an E.-W. line N. of Maude 
with down warping of the basin in the S. and uplift in the N. 


Introduction and Previous Work 

The area selected for study is situated on the W. margin of the Port Phillip 
basin and provides an opportunity to study an almost complete marine cycle of 
sedimentation commencing with the Oligo-Miocene transgression and terminating 
in Pliocene regression. 

Many previous workers have contributed to the knowledge of the area but for 
the most part their studies have been palaeontological rather than stratigraphical. 
Some of the rock units have become widely known because of the rich Tertiary 
faunas they contain, e.g. the Batesford Limestone. The most important contributions 
to the geology of the area have been made by Hall and Pritchard who, in a series of 
papers (1892, 1895, 1897), discussed the general sequence from Maude to Geelong 
and thus established the regional stratigraphic picture in the area. Their work and 
the results of many other workers in the area, have been synthesized by F. A. 
Singleton (1941). 

The general sequence established by Hall and Pritchard was as follows: At 
Maude a sequence was exposed consisting of a lower limestone of Janjukian age 
resting on gravels or Ordovician slate, and underlying a flow of Lower to Mid- 
Tertiary basalt. Overlying the basalt was a hard pink polyzoal limestone which 
passed up to a sequence of clays and marls. This entire sequence could be traced 
down the Moorabool Valley, maintaining a S. dip in excess of the gradient of the 
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stream, so that progressively younger beds passed below the valley floor downstream 
from Maude. 

Hall and Pritchard also noted the SE. dip in the limestone, clays and marls near 
the Batesford quarry, and concluded that the entire sequence was similarly affected 
between Maude and Corio Bay. The present work suggests that this trend may not 
be continuous throughout the area especially between Dog Rocks and the Rowsley 
Fault where the trend may be absent or even reversed. But poor exposures here do 
not allow accurate estimates to be made. 

The sequence between Geelong and Maude is of particular interest for it was 
here established conclusively for the first time that the Spring Creek sequence or 
Janjukian beds were older than Balcombian. Hall and Pritchard recognized the 
Janjukian age of the Lower Maude Limestone and observed that, at Geelong, the 
clays, which were clearly higher in the sequence, contained a fauna almost identical 
with that at Balcombe Bay. 

Earlier, McCoy (1874) had adopted the view that the Balcombe Bay sequence 
was older than that at Torquay and this view was maintained by Chapman and 
Singleton (1925). Subsequently, Singleton recognized the Balcombian age of the 
clays at Fyansford and accepted the correlation of Hall and Pritchard. Chapman 
also, in his later years, modified his earlier views and accepted the Balcombe Bay 
sequence to be younger than the base of the Torquay sequence. 

With this generally accepted correlation, that the Fyansford clays are equivalent 
to those of Balcombe Bay and that they overlie beds of Janjukian age, Hall and 
Pritchard successfully resolved a controversy which had plagued early workers in 
Tertiary stratigraphy. 

However, little stratigraphic work was done beyond noting the general position 
of units in the sequence. Hall and Pritchard recorded several measured sections but 
made little attempt to describe detailed relationships between formations. Still less 
attention was paid to the actual lithologies apart from their faunal assemblages. 

The present work is an investigation of the detailed stratigraphic relationships 
of the various formations and a study in some detail of the lithologic facies present 
in order to reconstruct the conditions under which the sequence was deposited. 

Method of Study 

Quarter sheets of the Geological Survey of Victoria provide a partial coverage 
of the area. These include Quarter Sheets 24 SE., 24 NE., and 19 SW. surveyed by 
Wilkinson, Daintree and Murray. It has been found necessary to modify some 
geological boundaries and to fill in unmapped areas between these sheets. 

However, due to the very flat topography, field studies have been mainly limited 
to outcrops in the valleys of the Moorabool R. and Sutherland's Cr. which some¬ 
times dissect the area to a depth of 400' below the level of the plains. 

Stratigraphic sections have been measured using a clinometer and checking with 
an aneroid against local known levels. Representative samples were obtained from 
the principal sections and submitted to detailed laboratory analysis. Sections 
measured are presented diagrammatically in Fig. 19; their locations are shown on 
the geological map, Fig. 1. 

Laboratory examination has included size, carbonate and heavy mineral analyses 
assisted by thin section examination of samples. For accurate carbonate determina¬ 
tions, the Schroetter apparatus has been used; in most cases, however, the percentage 
soluble in dilute warm HC1 approximates the percentage carbonate and has been 
used to provide a quicker and more convenient method of determination. Samples 
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thus treated are listed in tables under ‘percentage soluble’, rather than ‘percentage 
carbonate’. 

A standard nest of B.S.S. screens (mesh no. 8, 12, 16, 22, 30, 44, 60, 85, 120, 
170 and 240) has been used on a Rotap automatic shaking device to carry out size 
analysis down to, but not including, silt-size. The standard time for screening was 
10 minutes. 

From the size distributions obtained, cumulative percentage curves and histo¬ 
grams have been constructed from which the following parameters are calculated 
and recorded in tables: 

I. Median diameters (Md) 

II. 25% and 75% quartiles (Q 3 and Qi) 

III. Percentiles 10% and 90% (P 10 and P 90 ). 

From these, Trask sorting coefficients (So= VQs/Qi) and coefficients of skew- 
ness(Sk = Q3 . Qi/Md 2 ) have been calculated as outlined by Pettijohn (1957). 

Locality references in the text refer to co-ordinates on military maps Geelong 
and Meredith in the 1 Mile series. 

Regional Geology 

Tertiary sediments were deposited in the shallow shelf seas with shoreline 
situated N. of Maude. A land area existed to the N. of Maude, consisting of steeply 
dipping Ordovician sandstones and slates which had been reduced to very low topo¬ 
graphic relief following the widespread Mesozoic and early Tertiary planation. In 
the S. of the area, the tectonically active Mesozoic sandstones of the Barrabool Hills 
formed a submerged regional high in the early Tertiary sea and eventually were 
uplifted to form an island in late Tertiary. 

Similarly, resistant monadnocks of Palaeozoic granite rising above the general 
level of peneplained Palaeozoic sediments and now protruding through a cover of 
Tertiary sediments, formed islands in the Tertiary sea. These include Sutherland’s 
Cr. and Dog Rocks granites. These islands were gradually submerged in mid- 
Tertiary time. The deepening of the sea responsible for their submergence is 
thought to have resulted from downwarping of the shelf along the E.-W. margin N. 
of Maude and possibly associated with other movements, e.g. on the Rowsley Fault. 

The oldest fossiliferous Tertiary marine sediments in the area are Janjukian, 
and are represented by the Lower Maude Limestone. This overlies and passes shore- 
wards laterally into basal sands and gravels which, in turn, are laterally continuous 
with coarse terrestrial gravels which have accumulated around the margins of the 
basin near Steiglitz. 

The Lower Maude sediments are overlain by basalt, which appears to correspond 
to a minor regression near shoreline and to a disconformable break in the marine 
sequence. 

At Geelong, this disconformity has not been observed and continuous deposition 
is thought to have taken place with the accumulation of the basal portions of the 
Batesford Limestone and equivalent sands, marls and clays. 

In early Miocene, or Batesfordian time, slow deepening of the sea occurred with 
gradual submergence of the granitic island of the Dog Rocks and the transgressive 
advance of shoreline across the upper surface of the basalt at Maude, eroding it and 
depositing the Upper Maude Limestone. 

The phase of deepest water deposition is represented by the widespread clay 
facies which overlies the Batesford and Upper Maude Limestones. 
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The days pass up to a second disconformity with a phosphatic nodule bed which 
corresponds to a period of erosion in late Tertiary time before the final deposition 
of the Pliocene sands and the cessation of marine activity in the area. These latter 
sands fo rm a very widespread thin sheet over almost the entire area. 

Following the retreat of the sea in late Pliocene, little time appears to have 
elapsed between the initiation of drainage and the extrusion of the early Newer 
Basalt flows. Throughout the Pleistocene, the area has remained mainly above sea 
level with non-marine sediments accumulating in places. 

Drainage and topographic development during this period has been extensively 
complicated by successive lava flows over intermittent periods throughout the 
Pleistocene. These flows cover most of the Tertiary sediments and form the prin¬ 
cipal plains of the region. 

The regional stratigraphy is illustrated in Fig. 2. More detailed relationships 
compiled from information in measured sections are illustrated in Fig. 3, 19. 

Definition and Description of Rock Units 

In accordance with stratigraphic procedure, it is proposed to subdivide the 
sequence into the following rock units, retaining where possible any convenient 
names used by earlier workers: 

Moorabool Viaduct Sands 
Fyansford Clay 
Batesford Limestone 
Upper Maude Limestone 
Maude Basalt 

Lower Maude Formation— 

Lower Maude Limestone Member 
Lower Maude Sand and Gravel Member 
Sutherland’s Creek Sands Member 

LOWER MAUDE FORMATION 

The Lower Maude Formation is defined as all Lower Tertiary sediments which 
lie between the Maude Basalt and basement Ordovician slates. It is best seen near 
the base of section 15 on the E. side of the Moorabool valley at the Maude school. 

The formation comprises three members which may be distinguished from each 
other by distinct lithological differences, yet which are sufficiently related in their 
arenaceous composition to warrant inclusion as a single formation rather than elevate 
the formation to the status of ‘group’. 

In the section at Maude school, 18' of white sands and gravels rest on Ordovician 
slates and pass upwards into well-sorted, iron-stained, medium to fine-grained 
sands. These comprise the lower member, the Lower Maude Sands and Gravels. 
1 hey are overlain by consolidated calcareous sands or arenaceous limestone defined 
here as the Lower Maude Limestone. 

Both the above members grade laterally eastwards into well-sorted medium- 
grained sands and quartzite which outcrop in the valley of Sutherland’s Cr. and 
which are defined here as the Sutherland’s Creek Sands. These are lithologically 
distinct from the two former members in that grain size and sorting characteristics 
are diagnostic. In the valley of Sutherland’s Cr., the Lower Maude Sands and 
Gravels are represented by a thin basal layer of quartzite conglomerate but the 
Lower Maude Limestone is absent. 


LOCATION DIAGRAM 



-Geological map of Geelong—1 
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LOWER MAUDE SANDS AND GRAVELS 

These separate the calcareous and fossiliferous Tertiary sediments from Ordo¬ 
vician bedrock. They are well exposed in the section below Maude school (section 
15) and on the S. bank of the Moorabool R. 3 m. NW. of Maude near She Oaks 
(section 17). 

In the former case, 30' of unfossiliferous sands and gravels grade upwards into 
calcareous sands and limestone. The gravels increase in thickness to the N. and at 
section 17, 70' of sands and gravels underlie the Lower Maude Limestone. Here, a 
very coarse basal conglomerate in the lower 10' to 15' passes up to coarse sands and 
gravels becoming finer towards the top, and eventually grading into Lower Maude 
fossiliferous limestone. Some white structureless secondary carbonate is present as 
matrix in the gravels being derived by precipitation from waters percolating down¬ 
wards through the overlying limestones. 

In lateral extent, the gravels are stratigraphically equivalent to thick non-marine 
gravels S. of Steigiitz which lie outside the limits of Tertiary marine sedimen¬ 
tation. S. of Steigiitz (£ m. N. of section 17) they reach a maximum thickness of 
at least 150' and sometimes underlie outliers of Maude Basalt on the Steigiitz 
Plateau. 

To the S., they lens out rapidly and marine arenaceous limestone rests directly 
on bedrock at Donaldson's (section 14) 3 m. downstream from Maude (PI. XV, 
fig. 2). , 

To the E., the sands and gravels become finer and are stratigraphically equi¬ 
valent to the Sutherland's Creek sands and quartzites which are here regarded as 
marine deposits. 

The Lower Maude Sands and Gravels are then a wedge of the more widespread 
non-marine sediments at the base of the marine sequence, deposited before the 
Lower Tertiary transgression. 

The mineralogy and sedimentary petrology of the sands has not been studied in 
detail. 

LOWER MAUDE LIMESTONE 

This member forms the upper portion of the Lower Maude Formation and can 
be traced from a point about 1 m. N. of Maude school, downstream in the Moorabool 
Valley, to m. SE. of Lethbridge where it disappears below river level. 

The limestone is poorly exposed being mainly obscured by alluvium or hillwash 
on the valley slopes. 

It has been measured in stratigraphical sections No. 13-16 (Fig. 19). 

Sampling has been carried out laterally and vertically to determine significant 
variations in lithology. 

In the type section at Maude school, where the limestone has been studied by 
Hall and Pritchard and others, it reaches a thickness of 3(Y and is overlain by basalt. 
The limestone grades upwards from non-calcareous sands of the Lower Maude 
Sands and Gravels into calcareous sandstone and arenaceous limestone. Bedding is 
well developed and almost horizontal. Individual beds may vary in thickness from 
4" to 1' or more, although even in the thickest some stratification is usually visible. 

Cross-bedding is often evident as at the base of the section at Donaldson's. Here, 
strongly cross-bedded polyzoal limestone rests directly on Ordovician slate with a 
high angular unconformity (PI. XV, fig. 2). Bedding planes are often marked by 
horizontal animal trails. The sands and gravels which separate the limestone from 
the slate near Maude, and are absent at Donaldson's, have presumably been eroded 
by the Lower Tertiary sea. 
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Although bedding is almost horizontal, the formation maintains a regional dip to 
the S. At Maude, the top of the limestone is at an elevation of 398 ft, while 3£ m. 
downstream, where it disappears below river level, it is at an elevation of 190 ft. 
This represents a gradient of 1 in 90 and is thought to be due in part to initial dip 
of sediment wedging out against a rising shoreline of Ordovician slates, and in part 
to slight tectonic movement associated with later uplift to the N. 

The limestone is rich in skeletal material but relatively poor in its content of 
-well preserved fossils. Hall and Pritchard (1895) record lists obtained from here 
but only in several localities are well preserved shells available. At the Maude school 
section, some bands are rich in fragmental remains of polyzoa, echinoid tests and 
spines, oyster fragments and various other lamellibranchs. The small echinoid 
fiibularia occurs here in abundance. 

The beds are usually friable or mildly indurated except for the zone towards the 
top where the limestone comes into contact with the base of the Maude Basalt. Here 
strong ferruginization occurs and samples from this zone do not react with cold HC1, 
indicating that the carbonate has been replaced by ferric iron, probably derived from 
the basalt. Partial iron staining occurs throughout the formation, often imparting 
a reddish brown colour to the rock. 

Summary of Petrology and Mineralogy: The limestone is very impure and 
in places grades into a calcareous sandstone, as indicated by the insoluble residue 
percentages listed in Table 1. For the samples examined, the average percentage 
soluble in dilute HC1 was 512, the range being from 32 in sample No. 5/16 5 from 
the most southerly outcrop, to 68 for No. 2/17 5C from the base of section No. 14 
at Donaldson’s. 


Table 1 

Approximate carbonate : sand : silt-clay ratios from the 
Lower Maude Limestone 


Graph No. 
on Fig. 4, 5 

Sample 

No. 

% 

Soluble : 

% 

Sand 

. % 

: Silt-Clay 

1 

5/16*5 

32 : 

66 

2 

2 

2/17-5 C 

68 : 

29 

: 3 

3 

629 

51 : 

47 

: 2 

4 

631 

40 

57 

: 3 

5 

632 

64 : 

33 

3 

6 

633 

50 : 

47 

: 3 

7 

634 

55 : 

40 

5 


Average 

51 : 

46 

: 3 


The principal constituents of the limestone are calcite, quartz and clay 
Calcite appears predominantly in two forms, skeletal material and matrix Partial 
recrystallization has commenced in some places and it is not always possible to 
determine whether carbonate was originally matrix or skeletal fragments. However 
the latter are always abundant and consist of comminuted fragments of polyzoa’ 
echinoids, lamellibranchs, foraminifera and fragments of the calcareous algae Litho- 
thamnion. Very vigorous conditions are indicated by the finely comminuted shelly 
material which in some samples (e.g. 2/17 5B) is never larger than 0 4 nun 
Skeletal fragments often show evidence of algal borings now picked out by iron 
staining. 
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Matrix occurs in variable amounts. In samples which are very well sorted, fine¬ 
grained matrix is almost entirely absent, as in 18/19*5. In other samples it occurs 
as interstitial material clouded by clay, and sometimes shows signs of partial re¬ 
crystallization when it develops into clear granules of calcite. 

A third type of carbonate sometimes occurs associated with clay in pellets, as in 
2/17*5 A and B. These pellets may occur in the partly recrystallized matrix and 
are almost indistinguishable from it. They then appear as rounded, cloudy areas 
with a clear rim of recrystallized calcite. They are approximately the same size as 
the quartz grains with which they are associated, indicating they have been derived 
and subjected to the same sorting processes as the quartz. They may represent 
reworked marl pellets from other areas in the basin, or recrystallized faecal pellets. 

Traces of chalcedonic quartz, plagioclase and muscovite occur with a reddish 
brown or greenish chloritic material showing low birefringence and iron-staining, 
which may represent altered glauconite. It sometimes occurs infilling foraminiferal 
and polyzoal chambers or as discrete pellets. 

Clay occurs as a minor constituent associated with the matrix. Its absence in 
most cases is further evidence of effective washing of the sediment during deposition. 

Since the skeletal fragments themselves are abraded and have been extensively 
sorted before deposition with a consistently high percentage of quartz sands, the 
predominant lithology may be described as a quartzose or arenaceous calcarenite. 
The arenaceous nature of this member is consistent with its relationships to the 
Lower Maude Sands and Gravels and the Sutherland’s Creek Sands which it over- 
lies and grades laterally into respectively. 

Insoluble Residues: These consist almost entirely of quartz, traces of felspar, 
very little clay and a small percentage of heavy minerals. The quartz grains generally 
range into the fine to very fine grades on the Wentworth scale, and show a variety 
of abrasion features. Grains in the fine range are angular to sub-rounded. But in all 
samples there is a small percentage of medium-grained quartz to 0*3 mm and these 
invariably bear surfaces which are very well rounded and highly polished. 

Size Analyses of Insoluble Residues: Samples of limestone were treated in 
dilute HC1 and residues obtained were sized on screens as described previously. 
Cumulative percentage curves (Fig. 4) and histograms (Fig. 5) have been con¬ 
structed from which relevant parameters have been calculated and are listed in 
Table 2. 

Median diameters in all cases are in the range of fine to very fine sand, being 
considerably finer than the sands to the E. on Sutherland’s Cr. 

But the most remarkable features of these figures are the values for sorting co¬ 
efficients (So). A figure of 1*05 for sample 629 is unusual, especially for a water 
laid deposit. Martens (1939) records a minimum sorting coefficient for 145 beach 
samples as 1T0 with averages ranging from 1*29 to 1 *41. The average recorded 
here of 122 for 7 samples, is better than any recorded by Martens on modern 
beaches in America. Emery (1960, p. 209) records an average of 1 *25 for the in¬ 
shore sediments at present occurring around Santa Barbara Island. 

The quartzose material in the Lower Maude Limestone was probably derived 
from the abundant sands and gravels occurring on the peneplained Ordovician 
surface to the N. Poorly sorted equivalents of the terrestrial gravels form the sedi¬ 
ment underlying the limestone. Higher in the section, sorting efficiency gradually 
increases, reaching the maximum in the sample from 4' below the base of the Maude 
Basalt (629). Besides indicating vigorous and continuous reworking, this suggests 
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Fig. 4—Cumulative percentage curves of the size distribution of insoluble residues 
from the Lower Maude Limestone. Graph numbers refer to samples listed in 
Table 2. For location of samples see Fig. 19. 



Fig. 5—Histograms showing the percentage distribution of grain sizes in insoluble 
residues from the Lower Maude Limestone. Sample numbers as in Table 2. 
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Table 2 


Sizing parameters from insoluble residues of Lower Maude Limestone 


Graph No. 
on Figs. 4-5 

Sample 

Md 

Q. 

Qi 

P»0 


So 

Sk 

1 

5/16-5 

0-170 

0-190 

0*145 

0-215 

0-125 

1-14 

0-95 

2 

2/17-5c 

0-095 

0-110 

0-085 

0-120 

0-068 

1 -13 

1-03 

3 

629 

0-240 

0-250 

0-225 

0-280 

0-020 

1-05 

0-97 

4 

631 

0-155 

0-205 

0-115 

0-240 

0-092 

1-33 

0-98 

5 

632 

0-130 

0-180 

0-100 

0-210 

0-072 

1-34 

1-06 

6 

633 

0170 

0-210 

0*120 

0-230 

0-088 

1-32 

0-87 

7 

634 

0-110 

0-150 

0-094 

0-200 

0-065 

1-26 

1 * 16 


Average 

0-153 





1-225 

1-003 


Positions of samples in the sequence has been recorded where possible on 
the relevant stratigraphic sections (Fig. 19). 

that there was very little new material being supplied to the environment at the top 
of the Lower Maude Limestone. 

Skewness (Sk) : The values calculated from 7 samples from the Lower Maude 
Limestone (Table 2) indicate positive skewness for 3 samples, and negative for 4, 
with an average half-way between, indicating a very uniform distribution about the 
median diameter. 

Martens (op. cit.) and more recently Friedman (1961) have recorded positive 
Sk values in almost all cases analysed from beach samples. Pettijohn (1957) notes 
that off-shore silts tend to have negative skewness. The values recorded here occur 
between these, consistent with deposition in an in-shore shallow marine environment, 
but not a beach zone. 

Heavy Mineral Assemblage: The mature assemblage recorded in Table 3 
indicates a source area of the strongly weathered sedimentary rocks. The detrital 
mineral fraction of the limestone has apparently been derived mainly from the 
weathered Palaeozoic sandstones, shales and slates which outcrop nearby. The abun¬ 
dance of well rounded zircons and tourmalines suggests that the assemblage may 
have passed through several cycles of deposition. However, a small percentage of 
euhedral zircons suggests that at least some sediment was being eroded from 
granites nearby, some of which now outcrop a short distance to the E. 

Zircons show better rounding with increased height in the section. This supports 
the idea that while detrital material was being vigorously reworked in a near-shore 
marine environment, very little fresh detritus was being supplied to the basin which 
would have maintained the percentage of euhedral zircon. 

Moreover, this tendency towards better rounding towards the top of the lime¬ 
stone is associated also with better sorting coefficients (So) in this zone (105, 1 -26 
for samples near top; 1*33, 1 *34, 1*32 for samples near the base of the limestone 
member). 

Environment of Deposition: The presence of prominent cross-bedding, and 
very well sorted, fine sand-size detrital material mixed with abraded skeletal car¬ 
bonate, all indicate deposition in a shallow in-shore zone along the margins of the 
basin to which little detritus was being supplied. A low mature topography must 
already have been developed on the land area to the N. with lateral erosion dominant 
rather than vertical stream incision. In the sub-tropical climate which existed in 
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Heavy mineral assemblage of Lower Maude Limestone 


79 



A... very abundant o... occasional 

a...abundant r...rare 

c...common # V...very rare 

(Similar notation is used in all tables of heavy mineral asseblages.) 


Victoria during Lower and Mid-Tertiary time (indicated by lignites, laterites and 
important warm water faunas) such topography would develop a deeply weathered 
profile and contribute very mature sediments to the adjacent basin. 

SUTHERLAND’S CREEK SANDS 

This member is defined as the well-sorted and pure quartz sands or ortho¬ 
quartzites often extensively cemented by secondary silica, and typically seen at 
locality 270,160 in the valley of Sutherland’s Cr. 

They outcrop at intervals along the entire length of Sutherland’s Cr. from N. of 
Maude school to the Rowsley fault scarp in the E. Stratigraphically, they occur 
between the Maude Basalt and Ordovician slates in the same relative position as the 
Lower Maude Limestone. Poor exposures prevent accurate determination of thick¬ 
nesses, but the sands are thought to reach nearly 100' near locality 270,160 half-way 
between the school and the fault scarp. They wedge out to the N. until Maude Basalt 
eventually rests on Ordovician slate with only a thin layer of sands, gravels or 
siliceous conglomerate between. 

The sands are often loose and unconsolidated but there is a prominent develop¬ 
ment of dense quartzite at intervals all along the valley of Sutherland’s Cr. The 
resistant quartzites stand out on the valley slopes forming a prominent and easily 
recognizable feature of the sequence. 

Near horizontal bedding is apparent in outcrops of both sands and quartzites 
although there is a low regional dip to the S. as in the case of the Lower Maude 
Limestone. In quartzite bands, bedding is often picked out by secondary silicification 
resulting in prominent banding. Associated with secondary silica, iron-rich solutions 
have also permeated the sands to a slight extent accentuating the banding by the 
formation of reddish zones of iron staining. Unlike the related Lower Maude Lime¬ 
stone, cross-bedding is rarely developed. 

In the vicinity of the Rowsley Fault (locality 297, 142), large blocks of friable 
sandstone outcrop showing well developed shearing and jointing due to tectonic 
movements on the fault. 
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Mineralogy : The sands consist of very pure quartz sands, well sorted and well 
rounded with a complete absence of calcareous material. Wherever they are only 
mildly indurated, as near the fault, they are porous and permeable. But in areas 
affected by secondary silicification, pore space has been effectively filled by secondary 
overgrowth or by infillings of cryptocrystalline quartz. In most cases (e.g. sample 
2/ST) original quartz grains have been enlarged by overgrowths until interference 
from neighbouring grains has prevented further growth. Some of the original grains 
contained large numbers of inclusions so that on secondary addition, a clear rim of 
quartz overgrowth has formed, leaving the darker centre to mark the shape and 
size of the original grain, thus allowing an estimate to be made of the amount of 
secondary enlargement. 

The resultant quartzite forms an extremely hard rock which breaks with a sharp 
edge and has been extensively used by aborigines for making implements, probably 
scrapers. In many places along Sutherland's Cr. the ground is littered with quartzite 
fragments. A careful search yielded only a few flakes showing secondary working 
but no artefacts of any significance. 

Quartzite blocks often bear small elongate tubular cavities to 5 mm diameter, 
penetrating into the body of the rock. The origin of these is not known but they have 
facilitated the passage of siliceous solutions. In their immediate vicinity, an unusually 
high proportion of cryptocrystalline and chalcedonic silica occurs surrounding the 
original grains. 

The cause of secondary silicification is almost certainly associated with the ex¬ 
trusion of the overlying Maude Basalt and, in this respect, the quartzite resembles 
the widespread sub-basaltic quartzites in other parts of Victoria. 

Size Analyses : The results of mechanical analyses are set out in Table 4 and 
Fig. 6, 7. 
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Fig- 6—Cumulative percentage curves showing size distribution of Sutherland’s 
Creek Sands. For parameters see Table 4. 


Very good sorting is evident even in the field, and this is confirmed by the sorting 
coefficients (1 23 and I T 7) which are comparable to the coefficients of the insoluble 
residues of the Lower Maude Limestone. 

Rounding: The quartz grains are generally well to very well rounded, with 
high sphericity and are often highly polished (PI. XVIII, fig. 4). The polished sur¬ 
faces may be due to a very thin veneer of secondary silica, but rounding and 
sphericity indicate intense abrasion before final deposition. 
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B 




Fig. 7 —Histograms showing the percentage distribution of grain sizes in samples 
from Sutherland’s Creek Sands. Samples as in Table 4. 


Heavy Minerals: The heavy mineral suite generally resembles that of the 
Lower Maude Limestone in its abundance of stable minerals, zircon, tourmaline and 
rutile. However, zircons and tourmalines show better rounding than those from the 
Lower Maude Limestone and there is a much higher percentage of andalusite. This 
is apparently derived from spotted slates which outcrop in the valley of Sutherland's 
Cr. adjacent to the Rowsley Fault, and immediately underlie the Sutherland’s Creek 
Sands. The relative absence of this mineral in the Lower Maude Limestone to the 
W. could be due either to rapid breakdown along cleavage planes in a zone of intense 
wave energy, or to a predominance of W.-E. currents. 

Table 4 

Sizing parameters for Sutherland's Creek Sands 



Md 

Q. 

Qi 

PlO 

P90 

So 

Sk 

Sample A 
Sample B 

0*330 

0-335 

0*415 

0*400 

0-272 

0-290 

0*475 

0*480 

0-240 

0-250 

1-23 

1-175 

1-04 

1*03 


Environment of Deposition : The increase in rounding of the quartz grains, 
zircons and tourmalines, suggests even more energetic abrasion than in the environ¬ 
ment in which the Lower Maude Limestone was deposited. Moreover, a comparison 
of the results of mechanical analysis confirms this view. Although the average median 
diameter is considerably larger than in the case of the Lower Maude Limestone 
residues (0*332 mm compared to 0*153 mm), the sorting efficiency does not show 
a corresponding decrease which normally accompanies an increase in grain size (van 
Andel and Postma 1954, Pettijohn 1957). An average sorting coefficient of 1*20 
compares more than favourably with the average for the limestone residues (1*225). 

The mechanical action, therefore, was even more vigorous for the deposition of 
the coarser Sutherland’s Creek Sands than for the finer detritus of the Lower Maude 
Limestone. 

Moreover, the positive skewness recorded here (104) resembles that recorded 
by Pettijohn (1957) and confirmed by Friedman (1961) in beach deposits, i.e. a 
tendency to be skewed towards the coarser fraction. 
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The evidence suggests that while the Lower Maude Limestone was deposited 
close to a shore line, the sands of Sutherland’s Cr. were a beach deposit. The preser¬ 
vation of beach deposits as ancient sediments are rarely recorded in the literature, 
due to the facility with which unconsolidated beach sands are eroded either under 
submarine conditions, by the vigorous wave action of a regressive or transgressive 
sea, or by subsequent subaerial erosion. However, along Sutherland’s Cr. these 
sands have been preserved intact by the cover of basalt. 


Table 5 

Heavy mineral assemblage of Sutherland’s Creek Sands 



Tourmaline 

Zircon 

Andalusite 

Rutile 

Leucoxene 

Ilmenite 

| Magnetite 

Kyanite 

Epidote 

Anatase 

Topaz 

Sample A 
Sample B 

A 

A 

c 

c 

c 

c 

c 

c 

c 

o 

c 

o 

c 

c 

V 

V 

V 

V 


A... very abundant o. * . occasional 

c .. . common V... very rare 


The complete absence of carbonate, which is so abundant in the lateral equi¬ 
valents to the west, is attributed to initial conditions of very effective sorting in a 
zone of high energy which resulted in an effective gradation of grain size from coarse 
to fine away from shoreline. Any coarse carbonate coming into the high energy beach 
zone would be rapidly preferentially abraded and deposited with finer material in a 
near or off-shore zone, but not in the beach zone. Unfortunately, a covered interval 
hides the lateral continuation of the Sutherland’s Creek Sands towards the off-shore 
zone so that the transition to the Lower Maude Limestone cannot be studied in 
detail. But from their relative stratigraphic positions there is no alternative but to 
regard both these members as laterally equivalent. 

Summary: The relationship between the Lower Maude Sands and Gravels and 
the Lower Maude Limestone is one of a vertical transition from a non-marine to 
marine facies. Near shoreline and the Maude school, portion of the gravels can be 
seen to underlie the limestone so that the terrigenous sediments must be in part 
older than the marine. But higher in the sequence, a lateral transition from non¬ 
marine to marine facies is also present so that the former may be in part synchronous 
with the limestone. 

Along Sutherland’s Cr. the Lower Maude Sands and Gravels are represented by 
merely a thin silicified basal conglomerate, and rapidly pass upwards to marine 
Sutherland’s Creek Sands. 

The variations evident between the laterally equivalent Sutherland’s Creek 
Sands and the Lower Maude Limestone, from shoreline to an off-shore direction, 
comprise a decrease in grain size, a large increase in carbonate content, and a 
decrease in the extent of secondary silicification. It is perhaps significant that no 
secondary silicification occurs in this area whenever carbonate is retained in the 
sediment. 
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MAUDE BASALT 

A basalt flow separates the Lower Maude Formation from the younger marine 
Tertiary sediments near Maude. Since it overlies beds of Janjukian age (Hall and 
Pritchard 1895, Singleton 1941) therefore it is younger than some Older Basalts 
sensu stricto such as that at Airey’s Inlet which underlies Janjukian sediments 
(Raggatt and Crespin 1955). 

The basalt reaches a maximum thickness of approximately lOCK near Lethbridge 
(section 13) where the best exposures are located. Intermittent outcrops occur 
along the Moorabool Valley from 2 m. N. of Maude to the intersection with the 
Rowsley Fault, but generally the basalt is obscured by a soil cover of heavy black 
clay. Small isolated outliers occur N. of Maude capping Ordovician slates and Lower 
Tertiary non-marine gravels. 

The lava maintains a regional gradient to the SE. which carries it below the floor 
of the Moorabool Valley on the S. of Lownde’s Bridge. It does not occur in deep 
bores at Bannockburn 2 m. S. of Lownde’s Bridge. Its distribution indicates that 
the flow originated from a vent in the N., and flowed in a southerly direction onto 
calcareous marine sediments at Maude. 

The mineralogy has been described by Edwards (1939) and Coulson (1938) as 
a normal labradorite, olivine, augite basalt. 

Vesicles are rarely developed except at the base of the flow. Small horizontal 
joints or laminae are common and are probably due to layering during flow. When 
fractured, the rock often breaks along these planes. 

In the decomposing basalt, many of the original structures can be picked out by 
prominent secondary carbonate infillings. In a quarry J m. N. of Russell’s Bridge, 
there is evidence of columnar jointing in an exposure 15' thick. Broad columns can 
be traced from top to bottom of this quarry and their presence leaves little doubt 
that the basalt was extruded and crystallized under sub-aerial conditions as far S. 
as this locality at least. 

Half a mile further S., in the road cutting on the N. side of Russell’s Bridge, 
large ovoid structures of harder basalt occur in a soft palagonitic matrix indicative 
of lava pillows. They are marked by a clear tachylitic rim approximately 2" thick 
which passes inwards to decomposed basalt. Pillows occur from V to 3' diameter, 
and occasionally can be seen to be packed, one on the other (PI. XVI, fig. 2). Poly¬ 
gonal fractures traverse the pillows and are infilled with a secondary carbonate. 
These are the only structures exposed in the area which suggest sub-aqueous cooling 
of the lava. 

The significance of this is important in the reconstruction of the palaeogeography, 
for regression must have occurred after the deposition of the Lower Maude beds to 
allow the extrusion and cooling of basalt in such a way as to give normal columnar 
jointing passing to pillow lavas near Russell’s Bridge. The lava pillows at this 
locality may have originated by basalt flowing into either a marginal marine en¬ 
vironment, or fresh-water drainage channels. However, there is little evidence to 
suggest that any significant drainage was initiated on the surface of the Lower 
Maude beds before the extrusion of lava. Any drainage would rapidly erode un¬ 
consolidated Sutherland’s Creek Sands causing scouring and other disconformable 
features. It is concluded, therefore, that a very small interval of time elapsed between 
the retreat of the sea from the Maude area and the extrusion of the lava onto the 
Lower Maude Formation. 

In the absence of any signs of fresh-water erosion, there is a strong possibility 
that the pillows at Russell’s Bridge originated by lava flowing into the edge of the 
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sea, so that the new shoreline at this period may have been located near Russell's 
Bridge, in contrast to its former position N. of Maude school during the deposition 
of the Lower Maude Formation. 

The significance of this local regression is discussed later. 

UPPER MAUDE LIMESTONE 

This formation is defined as the fossiliferous and calcareous sediment lying 
directly on Maude Basalt and continuing vertically to top of bed D in section 15 near 
the Maude school. It has been referred to in earlier literature as ‘Upper Maude beds' 
(Hall and Pritchard 1895) or merely ‘upper beds at Maude' (Singleton 1941). It 
can be traced along the Moorabool R. from the vicinity of the Rowsley fault scarp 
to a point approximately 1 m. NE. of Maude. The thickest recorded occurrence is 
39' in the type section at Maude school where beds of limestone occur interbedded 
with silty marls. 

Near horizontal bedding is usually evident and in some places, e.g. in quarry on 
road S. of Maude school the limestone shows well developed cross-bedding. Over 
the entire length of its occurrence it shows many variations in lithology but one of 
its most characteristic features is a very dense pink microcrystalline texture with 
abundant fossil remains. The rock is crowded in some places with moulds and casts 
of large rocky bottom mollusca, found especially in close proximity to the underlying 
basalt (PI. XVI, fig. 1). 

An erosion surface at the top of the Maude Basalt forms a disconformity sep¬ 
arating the basalt from the limestone. Limestone is often observed infilling large 
irregularities in the basalt and in some cases is draped over basalt in a supratenuous 
fold. Wherever the limestone-basalt contact is exposed, well rounded basalt cobbles 
may be found completely enclosed in the basal portions of the limestone. In section 
13, limestone can be seen penetrating down into the basalt. At this locality, a thin 
horizontal band of limestone several inches thick occurs in the basalt to 14' down 
from the surface of the lava. This could be mistaken for two flows of basalt sep¬ 
arated by a thin intervening band of limestone. This was probably the outcrop that 
led the Geological Survey workers, Wilkinson and Murray, to the interpretation 
shown on the Quarter Sheet No. 19 SW., where a thin limestone band is shown 
intercalated between basalt flows. It was pointed out by later workers (Hall and 
Pritchard 1895, Singleton 1941) that the prdbable explanation lay in the irregular 
nature of the limestone-basalt contact. Evidence cannot be found to confirm the 
interpretation of Wilkinson and Murray. The horizontal band of limestone here has 
originated by percolating into an eroded crevasse. Associated with it is an occurrence 
of limestone filling amygdaloidal hollows to 6" diameter and in some other places it 
can be seen percolating into the basalt along vertical joint planes. 

The relationship to the basalt is interpreted, therefore, as a disconformable one, 
with erosion taking place in an advancing sea, followed by deposition of limestone 
under shallow conditions on the basaltic sea floor, which supported a particularly 
strong, well developed, benthonic molluscan fauna. 

Lithology and Mineralogy: The dense pink microcrystalline limestone is 
limited to the basal part of the formation and rapidly passes up to bedded sandy 
limestone, as in a quarry exposure E. of Lownde's Bridge, where bedded sandy 
limestone is overlain by 8'-12' of sandy clays with prominent ferruginous pellets. 
Quartz sands associated with the limestone are often coarse, rounded and highly 
polished. In another quarry S. of the Maude school, well sorted, abraded polyzoal 
limestone occurs with prominent cross-bedding and a considerable percentage of 


TERTIARY STRATIGRAPHY AND SEDIMENTATION 


85 


rounded and well sorted quartz. In the most northerly exposures closer to the 
shoreline (section 15 and 16) the beds become very arenaceous. 

The lithology then is very variable, but generally a relatively high percentage 
carbonate occurs in proximity to the basalt, rapidly increasing in insoluble detritus 
with increasing height in the section. 

In the detailed study of this formation, attention has been concentrated on the 
carbonate-rich bands in an endeavour to ascertain the origin of the carbonate frac¬ 
tion. The analyses therefore are somewhat biased in favour of these beds and per¬ 
centage carbonate averages thus obtained are not representative of the formation as 
a whole. 

The percentage soluble in acid (approximately equal to percentage carbonate) 
has been determined for 8 samples from various outcrops (Table 6). These samples 
indicate an increase in the percentage insoluble detritus with proximity to shoreline. 
Samples which show the highest proportions of insoluble residues (3/19 6 and 
14/19 6D) were from the most northerly outcrop. 

Nevertheless, the average percentage (80 6) for these lime-rich bands represents 
an overall low content of detrital material. 

Carbonate: The carbonate present is usually in the form of relatively coarse 
skeletal material often associated with very fine-grained microcrystalline matrix. 
Well sorted skeletal material devoid of matrix sometimes occurs as in the quarry 
S. of Maude school. 


Table 6 

Percentage ratio of carbonate : sand : silt-clay front 
Upper Maude Limestone 


Sample 

No. 

% 

Soluble 

% 

Sand : 

o. 

Silt-Clay 

6/16-5 

84-7 

11-5 

3-8 

10/16-5 

89-7 

5-5 

4-8 

4/17-5 

85-0 

6-3 

8-7 

1/19 

73-2 

21-8 

5-0 

13/19-6 

66 1 

30-4 

3-5 

14/19-6 A 

89 1 

10-0 

0-9 

14/19-6 D 

51-2 

46-2 

2-6 

*628 

87-4 

4-6 

8-0 


* Sample containing Lepidocyclina from section at Maude school. 


The skeletal material present consists principally, in approximate order of abun¬ 
dance, of fragments of Lithothamnion, polyzoa, large and small mollusca, foramini- 
fera, and echinoid plates and spines. Lithothamnion fragments occur in abundance, 
ranging from coarse fragments to 1 cm or more, found in the basal part of the lime¬ 
stone, to scores of minute subopaque skeletal pellets from samples near the top of 
the formation. Lithothamnion coralline algae are known to thrive on rocky shorelines 
in the zone of intense wave action. At Bikini and other Pacific atolls, they form 
fringe reefs in the shallow intertidal zone in the areas of greatest wave energy 
(Tracey, Ladd and Hoffmeister 1948; Wells 1957). They form an extremely re¬ 
sistant feature on the littoral zones of some tropical to sub-tropical shorelines. The 
deposition of portion of the Upper Maude Limestone probably occurred on such a 
rocky littoral zone subject to intense wave action. Furthermore, the oxidized nature 
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of the sediment and some occurrences of intraformational corrosion further indicate 
very shallow water conditions. 

After the deposition of the lower part of the formation, bottom conditions 
changed. The rocky basaltic sea floor was covered by abraded sandy skeletal car¬ 
bonate. Coralline algae and the rocky bottom benthonic molluscan fauna gave way 
to a more normal sandy bottom fauna. A vertical study through the formation shows 
a change in the abundance and grain size of Lithothamnion fragments with in¬ 
creasing height in the section. Algal fragments persisted for a long time as abraded 
and resorted material, eventually being redeposited in the later sediment as small 
calcarous sub-opaque and well rounded pellets often almost devoid of organic 
structure. 

Pellets and skeletal material often show the effect of algal borings (e.g. sample 
No. 10/16-5). Minute brown burrows appear as a network in abraded fragments, 
often with a red-brown limonitic infilling which picks out the algal traces. Suspected 
faecal pellets also affected by algal borings have been observed. 

Matrix : Pore space interstitial to skeletal fragments is often infilled with very 
fine-grained microcrystalline matrix. In some samples, matrix constitutes the greater 
proportion of the rock. In one sample (1/16*5) which was located from a vugh in 
the basalt, the rock consists entirely of microcrystalline matrix free of skeletal 
material. From the same locality an interesting specimen occurs (No. 10/16*5) 
which was located in a crevasse in the basalt. 

In this sample, typical skeletal remains are present as coarse to fine, poorly sorted 
material lying parallel to bedding. The rock has a very dense pink crystalline appear¬ 
ance which is due to almost complete infilling of pore space with calcitic matrix. 
Grain size is barely resolvable under high power. The matrix is associated with fine 
quartz grains (to approx. 0 1 mm) and a considerable proportion of reddish brown 
clay which results in a clouded pink and semi-opaque appearance. In addition to 
skeletal material and matrix, a third form of carbonate occurs as cement. This is 
clear sparry calcite which occurs as infillings in some of the fossil cavities. In 
10/16-5 such cavities occur with their basal portions half filled with clouded micro- 
crystalline material identical to the matrix surrounding the fragments. In the upper 
part of the cavities, either filling them or nearly doing so, are larger crystals of clear 
irregular calcite representing cement introduced after deposition (PI. XVIII, fig. 1). 

The association of calcite matrix with clay both inside and outside the fossil 
cavities is thought to be due to lime mud chemically or organically precipitated as 
aragonite but now converted to calcite. In the sample in question, protection in a 
basalt crevasse, has resulted in very poor sorting so that the mud could readily 
accumulate with coarse skeletal fragments. 

In the same sample, minute graded bedding is apparent. Distinct bedding planes 
can be traced across the thin section, often truncating fossil remains, even the re¬ 
sistant Lithothamnion . This indicates that skeletal fragments rapidly became 
cemented in the; lime mud which was infilling the crevasse. Later solution, perhaps 
in a shallow intertidal zone where intermittent flooding and evacuation would occur, 
began to attack and dissolve the deposited material resulting in the small-scale 
scours. Approaching a scoured surface, matrix becomes pinker, indicating an oxi¬ 
dized horizon. The horizon itself is pencil sharp above which there is a sudden in¬ 
crease in the grain size of quartz and skeletal material and an associated colour 
change to a less ferric appearance. The cycle is then repeated as the sediment grades 
up once more to a ferric-red clay matrix and another minute scour overlain by 
coarser material. The scour associated with iron-stained bands and cyclic change in 
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grain size indicates successive stages of infilling and oxidation. The scale involved 
is in the order of several centimetres. 

A similar effect on a larger scale has been observed in a bed 1' thick in the 
quarry E. of Lowndes Bridge. The lower portion of the bed is well sorted, porous 
skeletal limestone. The top of the bed is marked by an increase in matrix resulting 
in a gradation from a porous to dense limestone. The upper surface appears abraded 
or partly redissolved with fossils truncated. This is then overlain by another bed of 
porous polyzoal limestone. Bedding appears to represent an hiatus with carbonate 
mud percolating down into porous skeletal limestone filling pore space and giving a 
dense appearance to the upper portion of the bed. During this hiatus, partial solution 
or abrasion occurred before the deposition of the next bed. 

The evidence of truncated Lithothamnion fragments on these horizons indicates 
that lithification had already commenced so that individual skeletal fragments were 
already cemented before corrosion took place. Carbonate diagenesis is not generally 
known to occur whilst the sediment is still beneath the sea (Ginsburg 1957) but is 
a common feature of intertidal areas where wetting and drying are associated with 
solution and precipitation of carbonate, often resulting in the characteristic feature 
known in recent sediments as ‘beach rock’. 

It is probable that similar intertidal conditions affected some parts of the Upper 
Maude Limestone allowing diagenesis to occur followed by intermittent periods of 
corrosion or corrasion. 

Origin of Limonitic Pellets: In the quarry \ m. E. of Lownde’s Bridge a 
bed of yellow-brown calcareous clay occurs, 4' to KX thick, overlying pink polyzoal 
limestone. This clay horizon contains a profusion of dark brown highly polished 
limonitic pellets. Limonitic material has replaced fragments of polyzoa, echinoids, 
lamellibranchs and foraminifera. Occasional sharks’ teeth also have been found. 
Pellets are usually well rounded and vary greatly in size from shell fragments in 
diameter to minute replaced foraminifera. These are mixed evenly through a bed of 
fine calcareous clay, making in all a very poorly sorted bed. 

When the pellets are heated in dilute HC1 the limonite is dissolved out leaving 
a residual mould of clay-like material, very finely divided and with low birefrin¬ 
gence. The refractive index of this residue is 1 588 which approximates to some of 
the chlorites, particularly chlinochlore or nontronite. 

The origin of this material is uncertain. It has a similar appearance to oxidized 
glauconite, but there is no sign of unoxidized glauconite associated with it. There 
is little doubt that the pellets originated in a zone of strong oxidation. Similar pellets 
occur throughout the limestone mixed in with the skeletal fragments but rarely in 
the concentration in which they occur in the quarry above. Moreover, they always 
occur in the red-brown oxidized state, even when found in fresh dense limestone, 
indicating that oxidation had occurred before final deposition. Such oxidation could 
not occur under submarine conditions. 

It is concluded therefore that these pellets are remanie in origin and represent 
material, perhaps originally glauconitic, which was exposed to sub-aerial weathering 
and later reworked and deposited in the Upper Maude Limestone. 

Regression which preceded the extrusion of the Maude Basalt would have ex¬ 
posed marine sediments of the Lower Maude Formation to sub-aerial weathering. 
Much of these were quickly covered and protected by the lava flow, but some marine 
sediments outside the limits of the flow undoubtedly remained exposed to weather¬ 
ing. These may have contributed the remanie oxidized pellets to the Upper Maude 
Limestone although diagnostic fossils have not been found. 
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Dolomitization : Samples of the limestone have been tested for dolomite using 
the techniques outlined by Friedman (1959) and later confirmed by Wolf and 
Warne (1960). 

The greater percentage of the carbonate present is calcite but all samples of the 
dense pink limestone showed signs of at least small amounts of dolomitic carbonate. 
Using titan yellow in NaOH, dolomite shows as a pinkish to bright red stain varying 
in intensity with the degree of dolomitization. One sample (1/16*5) from within an 
amygdale near the top of the Maude Basalt proved to be almost pure dolomite. Tho 
sample did not react with cold dilute HC1 and stained to a uniform bright red in 
titan yellow. In thin section, skeletal material is completely lacking, the rock con¬ 
sisting of very fine-grained microcrystalline carbonate which can barely be 
resolved under high power magnification. 

The origin of this specimen is uncertain. Assar Hadding (1958) has postulated 
a biochemical origin for limestones of similar texture. The absence of any clear sparry 
crystals suggests an origin other than chemical precipitation from secondary car¬ 
bonate solutions; and the similar absence of any skeletal material whatsoever indi¬ 
cates that it was not due to the downward percolation of lime mud from the sea 
floor, which is usually thoroughly mixed with organic shell fragments. However it 
originated, ample magnesium was available from the extensive decomposition of the 
olivine in the basalt, and there is little doubt that the dolomite has originated in this 
manner. In the samples less closely associated with the basalt, the intensity of 
dolomitization decreases markedly. It can be classified into three modes of associa¬ 
tion : 

(i) Skeletal fragments of originally high magnesium content are picked out by 
the pink stain. This applies especially to some foraminiferal tests and some 
Lithothamnion fragments. A similar feature was noted by Wolf and Warne 
(1960) in application of staining techniques to modern organisms. 

(ii) Matrix often shows signs of dolomitization when associated with the infill¬ 
ing of polyzoal chambers. 

(iii) Weathering surfaces and drusy linings show positive stains for dolomite 
and discrete dolomite rhombohedra are sometimes visible on etched sur¬ 
faces. 

The latter two methods of occurrence are due to secondary enrichment of the 
lime matrix by magnesium available in solution from the decomposing basalt. 

The pink colour of some parts of the limestone cannot be attributed to dolomi¬ 
tization since many such samples show only very faint traces of dolomite. It may be 
due to oxidation shortly after deposition, or perhaps to the presence of organic dyes 
retained in the sediment in such an algal environment, although Lithothamnion 
fragments bleach rapidly in modern sediments after fragmentation (Tracey, Ladd 
and Hoffmeister 1948). 

Insoluble Residues: Beth heavy and light fractions indicate that the weather- 
ing of granites contributed detritus to the sediment at the time of deposition of the 
limestone. This is suggested by the persistent occurrence of coarse biotite and a 
small but important percentage of euhedral zircons. 

Quartz is consistently present in some bands through the limestone, commonly 
occurring as very well rounded and polished grains to approximately 2 mm diameter. 
These suggest a long period of abrasion and perhaps several cycles of deposition. 

Augite occurs in the heavy fraction from most samples, being derived from the 
erosion of underlying basalt. The source of persistent hornblende (see Table 7) is 
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not known. No rocks containing fresh hornblende now outcrop in the area, the near¬ 
est being the epidiorite on the Dog Rocks granite some 10 m. to the SE. 

Another characteristic mineral of the assemblage resembles aggregates of small 
zircons, sometimes appearing as a large rounded grain with a frosted ‘potato’ shape, 
and sometimes with an apparent clay skin. The precise nature and source of this 
mineral are not known and it is tentatively included in Table 7 as mineral ‘A’. 

Table 7 

Heavy mineral assemblage from Upper Maude Limestone 



a...abundant 
c... common 
o.. .occasional 


r...rare 
V...very rare 


Secondary manganese occurs near the base of the formation at Maude (bed ‘A’ 
in sections 15 and 16). Small clots of soft black opaque and sometimes dendritic 
mineral have developed in the pore space imparting a speckled appearance to the 
bed. 

Age of Upper Maude Limestone: A fauna of Batesfordian age occurs in lime¬ 
stone immediately overlying basalt near the Maude school. Lepidocyclina is here 
associated with Gypsina howchini in limestone containing rounded cobbles of basalt 
(sample 628). This enables the limestone from the northern region to be correlated 
with the upper part of the limestone in the Batesford quarry, the type section of the 
Batesfordian. 

Environment of Deposition : The Upper Maude Limestone was deposited in 
the shallow waters of an advancing sea on a rocky sea floor of eroded Maude Basalt. 
A fauna of large benthonic mollusca and resistant coralline algae thrived in the 
shallow agitated and aerated waters of this environment. 

Carbonate deposition occurred principally in the form of lime mud and well 
sorted skeletal carbonate sands. This resulted in changes in the sea floor environ¬ 
ment which led to extensive changes in the faunas. Large crawling mollusca gave 
way to sandy bottom forms. Littoral coralline algae were either drowned in the 
deepening sea or found it difficult to maintain their growth on the sandy sea floor. 
They were slowly broken up and their skeletal fragments were extensively abraded 
and redistributed through the sequence becoming smaller, rounder and more opaque 
in the higher parts of the formation. 

G 
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During this time, detritus was derived from the underlying basalt possibly by 
both submarine and sub-aerial erosion, as well as from granites and sedimentary 
rocks in the vicinity. 

While the Maude Basalt represents a period of local regression, the Upper 
Maude Limestone represents the following transgression. It will later be shown that 
this can be correlated with a similar change in environment at Batesford where 
evidence of transgression or deepening occurs near the top of the Batesford Lime¬ 
stone corresponding to the entry of Lepidocyclina. This heralded the beginning in 
both places of the deposition of the clays or deeper-water facies. 

BATESFORD LIMESTONE 

The Batesford Limestone includes all limestone, sandy limestone and calcareous 
sands which overlie Palaeozoic granite and diabase on the flanks of the Dog Rocks 
and underlie the Fyansford Clay. The type section is located in the present quarry 
of Australian Cement Ltd, S. of Batesford on the Moorabool R., where IW of 
limestone is exposed passing upwards to interbedded calcareous clays and marls 
which mark the transition to Fyansford Clay (PI. XVII, fig. 1). 

The limestone has been deposited in shallow water in which the Dog Rocks 
granite and diabase formed a small island. Slow submergence of the island in a 
transgressive sea has resulted in important lateral and vertical variations in facies 
which are reflected in the lithology, mineralogy and faunal content. The migration 
of the marine environments has resulted in diachronous lithologies as illustrated in 
Fig. 13. 

The formation is at least 20O' thick in the vicinity of the quarry and extends SE. 
outcropping in the bed of the Moorabool R. until it passes beneath the river half-way 
between the quarry and Coghill’s (section 3). 

The limestone is well known through the writings of many authors (see refer¬ 
ences in Singleton 1941) who have studied the faunal assemblages contained in it. 
Of special interest are the larger foraminifera, Lepidocyclina howchini and Cyclo- 
clypeus victoriensis, which are extremely abundant in the upper part of the for¬ 
mation and have led to its use as the type section for the Batesfordian stage in the 
subdivision of the Tertiary of Victoria. Singleton (1941, p. 31) has defined the 


Table 8 

Percentage carbonate : sand : silt-clay ratios from Batesford Limestone 


Sample No.* 

o/ 

/o 

CaCO a 

** 

o 

O'-fN 

+ 

% 

-240# 

+ 240#/-240# 

601 

60-9 

36-8 

2-3 

15-7 

602 

55-2 

42-2 

2-5 

16-8 

603 

83-2 

150 

1*7 

8-9 

604 

76-4 

20-9 

2-6 

7-7 

605 

63-6 

341 

2-2 

15-5 

606 

86-7 

12-2 

1-8 

6-7 

607 

61-5 

36-4 

20 

18-0 

608 

68-0 

30-5 

1-5 

200 

609 

44-3 

49-2 

6-5 

7*6 

610 

83*9 

13-4 

2-6 

5-4 

611 

82-6 

7-8 

9-5 

0*8 

612 

95-5 

1*27 

3-2 

0-4 


* Samples taken at 10' intervals up quarry face. 
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Batesfordian stage as ‘the interval of time represented by the deposition of the 
Lepidocyclina-bearing limestones of the Batesford quarries . . Since only the 
upper portions of the limestone contain the genera referred to, the lower limestones 
are excluded from the Batesfordian as defined. 

Fresh outcrops show little trace of bedding. On weathered surfaces bedding can 
be seen to dip to the SE. at approximately 1-2° carrying the limestone below river 
level E. of the present quarry. The general shape and configuration of the limestone 
body is controlled by the topography of the granitic basement and dips are regarded 
as deposition effects accentuated by differential compaction. Some compaction effects 
are visible in the overlying clays appearing as local irregularities in bedding on the 
S. quarry face. These are sometimes related to slumping into caves and solution 
hollows occasionally encountered during quarrying operations (PI. XVII, fig. 2). 

Lithology : The limestone consists of accumulated skeletal fragments of polyzoa. 
echinoids, pelecypods, foraminifera and other organisms. Carbonate fragments are 
mostly in the sand-size range with some larger and well preserved fossils. Most of 

Table 9 

Sizing parameters o] complete limestone samples and insoluble residues 
from Batesford Limestone 


Graph No. 
on 

Fig 8 & 9 

Sample 

No. 

Md. 

Q* 

Qi 

F 

*10 

F 

90 

So 

Sk 

1 

600 A 

0- 

52 

1* 

4 

0- 

25 

4- 

5 

0- 

15 

1* 

89 

1- 

92 


B 

0- 

52 

1- 

60 

0 

20 

3- 

00 



2- 

83 

1- 

18 

2 

699 A 

0 - 

22 

0- 

38 

0- 

14 

0- 

61 

0- 

10 

1- 

65 

1- 

10 


B 

0- 

14 

0- 

17 

0- 

10 

0- 

22 

0 - 

08 

1- 

27 

0- 

85 

3 

601 A 

0 - 

33 

0- 

53 

0- 

21 

0 - 

86 

0- 

13 

1 

58 

1* 

02 


B 

0 - 

27 

0- 

46 

0- 

19 

0 - 

80 

0- 

10 

1 

55 

1- 

20 

4 

603 A 

0 

32 

0 

51 

0 

20 

0 

82 

0- 

12 

1 

58 

0- 

98 


B 

0 

24 

0 

33 

0 

16 

0 

56 

0- 

04 

1 

43 

0 

91 

5 

605 A 

0 

24 

0 

41 

0 

16 

0 

67 

0 

09 

1 

60 

1 

14 


B 

0 

21 

0 

29 

0 

15 

0 

47 

0 

09 

1 

39 

0 

98 

6 

607 A 

0 

27 

0 

47 

0 

18 

0 

76 

0 

10 

1 

61 

1 

16 


B 

0 

18 

0 

25 

0 

13 

0 

41 

0 

09 

1 

38 

1 

00 

7 

609 A 

0 

26 

0 

39 

0 

18 

0 

57 

0 

11 

1 

•47 

1 

04 


B 

0 

21 

0 

30 

0 

14 

0 

•45 

0 

05 

1 

•46 

0 

95 

8 

610 A 

0 

43 

0 

77 

0 

23 

1 

•3 

0 

11 

1 

•83 

0 

•95 


B 

0 

41 

0 

71 

0 

18 

1 

•0 

0 

03 

1 

•98 

0 

76 

9 

611 A 

0 

26 

0 

39 

0 

•12 

1 

•7 

0 

•02 

1 

•80 

0 

69 


B 

0 

07 

0 

37 



2 

•0 







10 

612 A 

0 

44 

0 

•68 

0 

•27 

1 

•4 

0 

•17 

1 

•58 

0 

98 


B 

residue was entirely 

silt- 

clay, therefore not sized on 

screens 




A. .. refers to the analyses of complete carbonate samples. 

B. .. refers to the analyses of insoluble residues from the same samples. 
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Table 10 

Heavy mineral assemblages from vertical section through the Batesford Limestone 



A... very abundant o... occasional 

a... abundant r... rare 

c... common V... very rare 

the larger organisms, especially polyzoa, have been comminuted and graded although 
many large fossils have been virtually deposited in situ. These show little or no signs 
of abrasion, indicating the gentle nature of the currents and the partly autocthanous 
nature of the deposit. However, most of the carbonate is clastic in origin and the 
limestone may be described as a biocalcarenite. 

In thin section, fragments of poorly sorted organic remains occur with quartz, 
felspar, biotite and accessory minerals (PI. XVII, fig. 3). Secondary carbonate is 
of minor importance appearing sometimes as a thin zone of sparry calcite around 
skeletal fragments. The limestone has remained little affected by lithification and 
diagenesis being mostly soft and friable. 

Carbonate usually occurs as calcite with the exception of aragonitic lamellibranch 
shells. Tests for dolomite have proved negative with the exception of rhomb-shaped 
crystals in the heavy mineral fraction (sample 605) which represent a local secon¬ 
dary development of ankerite or ferro-dolomite (Table 10). 
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Lateral Variations: Detailed sedimentary petrology shows considerable 
lateral variations in sizing, in the nature and percentage of insoluble residues and in 
overall carbonate content. 

In an outcrop W. of the present quarry, limestone directly overlies granite 
(sample 613). This limestone is very impure, containing large composite grains of 
quartz and felspar in a bluff-red carbonate matrix. The matrix is sub-opaque and 
contains a high percentage of clay with lime-mud filling the interstices between 
skeletal fragments. Very poor sorting is indicated by the association of coarse 
granitic detritus with the fine-grained, opaque, clay-size material. The low carbonate 
content is here associated with poor sorting. In fact, sorting has been an important 
factor in determining the quality of the limestone throughout the deposit. 
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Fig. 8—Cumulative percentage curves showing the size distribution of complete 
samples from the Batesford Limestone. Graph numbers refer to samples listed in 
Table 9 with sizing parameters and located in Fig. 19. 
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In the quarry, samples 600, 599 and 601, represented by graphs 1-3 in Fig. 8, 9, 
were selected from the same level on the quarry floor but in increasing distance 
away from the granite. 

The size analyses of these complete samples, including carbonate, indicates a 
considerable decrease in grain size of clastic material away from shoreline; the 
median diameters fall from 0 52 mm to 0 22 mm over a distance of some 100 yds. 

Sorting coefficients (So) likewise indicate better sorting with increasing distance 



Fig. 9—Cumulative percentage curves showing the size distribution of the insoluble 
residues obtained by treating in dilute HC1. Parameters of insoluble residue analyses 
are shown with sample numbers in Table 9. The samples treated are identical with 

those shown in Fig. 8. 

Note the tendency towards smaller grain size in graphs 3 to 6 corresponding to 
increasing height in the section. Graphs 1 to 3 from samples from quarry floor; 
graphs 3 to 9 from samples at intervals up the quarry face; as shown in Fig. 19. 
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away from the granite. Values decrease from 187 to 165 to 158 for graphs 1, 2, 
and 3 respectively (Table 9). 

The size analyses of insoluble residues reflect similar trends, although sample 
599 is somewhat anomolous in that it has a smaller median diameter than any other 
insoluble residues from the entire quarry. Apart from this, the overall trends are the 
same as those evident in analyses of complete samples, which indicate better sorting 
and smaller sizes deposited away from the shoreline on the Dog Rocks granite. 



Fig. 10—Histograms showing percentage distribution of grain sizes of complete 
samples from the Batesford Limestone. Samples are identical with those represented 
on Fig. 8. For parameters see Table 9, and for location of samples see Fig. 19. 

Insoluble residues consisting of quartz, plagioclase, microcline, biotite and mus¬ 
covite with accessory minerals, most of which appear in the heavy fraction, also 
show lateral variation away from the shoreline. Near the granite, composite grains 
of quartz and felspar to 3 mm are common but these become progressively rarer to 
the E. Changes in grain size are also noticeable in the heavy minerals especially in 
the garnets which are considerably larger near the granite than in other parts of 
the quarry. Two types of prismatic amphiboles occur but become progressively 
rarer away from the granite. An unidentified pale acicular amphibole recorded in 
sample 600 (Table 10) is entirely absent from samples taken from the E. quarry 
face. The frequency of actinolite also declines rapidly in the same direction, due to 
increasing distance from the diabase source associated with the granite. 

Carbonate content increases away from the granite in inverse relationship to the 
decrease in the percentage of detrital quartz and felspar. Percentages range from 
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55 5 carbonate (600) to 59 0 (599) to 60 9 (601) for these samples on the quarry 
floor. 

Vertical Variations: With increasing height in the formation above the 
quarry floor, sizing becomes more efficient, carbonate percentages tend to rise and 
small variations occur in the percentage of heavy mineral species present. 

In the lower 70' of limestone exposed in the quarry, granitic detrital quartz and 
felspar grains are associated in all samples with porous skeletal carbonate remains 
of lamellibranchs, polyzoa, echinoid tests and spines, and the tests of small foramini- 
fera. Almost the entire calcite present is in the form of skeletal material. In thin 
section, the limestone is a well washed porous rock devoid of fine-grained lime mud 
matrix and lacking secondary cement. 





Fig. 11—Histograms showing the percentage distribution of grain sizes of insoluble 
residues from the same Batesford Limestone as those represented in Fig. 10. Samples 
were treated in dilute HC1. The size distribution of the residues obtained is illus¬ 
trated above and in Fig. 9. Note the high proportion with diameter less than 1/10 mm 
in samples 609, 610, 611 and 612 from the upper 40' of the quarry face. 

The sorting coefficients remain approximately constant in this lower 7(7 at values 
near T60, although the sizing of insoluble residues indicates progressively better 
sorting with increasing height in the section. These latter values decrease from 155 
on the floor of the quarry to 1*38 in sample 607 from 60' above the floor (Table 9). 

While sorting becomes more efficient, the size of median diameters shows con¬ 
sistent decrease. This trend is evident in the analyses of both complete samples and 
insoluble residues from the quarry floor to 80' above it. The median diameters of 
the total samples fall from 0 33 to 0 27 mm whilst those of the insoluble residues 


fall from 0 27 to 0 18 mm. 
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Fig. 12—Graphs showing vertical variations through the Batesford Limestone and 
Fyansford Clay as exposed in section on the S. face of the limestone quarry at 
Batesford. Changing sedimentary conditions are evident in the upper part of the 
limestone as shown partly by the change in the grain size of insoluble residues. 
The disappearance of granite detritus is shown by the decrease in abundance of 
biotite at the top of the limestone and absence of sand-size detritus. This is thought 
to correspond to a deepening of the sea and complete submergence of the adjacent 
granite island during Lower to Middle Miocene transgression. 
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Graphs 3-6 (Fig. 8, 9) show the consistent trend towards finer material and 
better sorting, whilst graphs 7-9 temporarily reverse the trend, first becoming 
coarser then rapidly becoming very fine with poor sorting. 

The principal change in the occurrence of detrital minerals in the lower portion 
is seen in the heavy mineral analyses showing a decrease in the percentage of actino- 
lite with increasing height in the section. 

The graph in Fig. 12 indicates that the carbonate content generally increases up 
the quarry face, reaching a maximum with the entry of Lepidocyclina towards the 
top of the formation. Other important changes also appear at this level. 

Approximately 40' below the top of the formation (70' above quarry floor) 
quartzose and felspathic detritus is rare but clay increases markedly. This change 
is indicated in Fig. 12 by the graph representing the ratio of sand (+240 mesh) to 
clay-silt (—240 mesh) in the insoluble residues. This change is also reflected in the 
poorer sorting of insoluble residues in the upper portion commencing with sample 
609 to 610 and 611 (sorting coefficients 1 *46, 1 98 and 1 80 respectively). 

The entry of the larger foraminifera at the base of this upper zone is largely 
responsible for the increase in grain size of the carbonate skeletal fragments, apparent 
in graphs 8, 9 and 10 of Fig. 8, and in the median diameters of corresponding 
samples in Table 9. In this zone, most carbonate greater than 1 mm often consists 
of foraminiferal tests. 

With the entry of clay into the insoluble fraction at SO 7 above the quarry floor, 
zircons become more abundant in the heavy mineral suite and the percentage of 
garnet declines. This trend is maintained through this upper zone until, at the top 
of the limestone, the whole heavy mineral suite undergoes important changes. The 
typical granitic suite of biotite, chlorite, muscovite and garnet disappears, giving 
way to a suite of minerals characterized by tourmaline, and minerals of the titanium 
group. Since tourmaline is very rare in the granitic suite in the lower parts of the 
quarry, and is rarely present in the related granite of the You Yangs (Baker 1935), 
the clays in which it occurs must be derived from a source other than granite. 

The top of the formation is often marked by a hard non-porous band of limestone 
1 to 2 ft thick which weathers to a buff pink colour. In thin section, this consists of 
skeletal remains in which the cavities have been almost completely infilled by finely 
divided lime mud associated with a high percentage of clay. This fine matrix forms 
a very effective cement accounting for the hardness of the bed. It is further evidence 
of the poor sorting which accompanied the transition of limestone to clay in this 
vertical variation in facies. 

Faunas : The faunas present throughout the limestone are principally benthonic 
forms suitable to a clear water environment with sandy sea floor. Burrowing mol- 
lusca are rare, Lepidocyclina and Cycloclypeus would find survival difficult in muddy 
conditions although they do persist for some 10' into the overlying clays as recorded 
by Carter (1963). Traces of Lithothamnion occur in the limestone and were 
probably derived from the granitic shoreline on which these algae developed. 

Discussion : 1 he Dog Rocks granite was exposed as an island in the Tertiary 
sea at the time of deposition of the Batesford Limestone. This is borne out by the 
abundance of granitic detritus in the marginal parts of the limestone, by the limestone 
facies which reflect a shallow water neritic environment, and by the limestone upper 
level which occurs 200' below the summit of the Dog Rocks. 

The overall structure is one of lensing or wedging out against the shoreline. 
Lateral variations in the limestone are due principally to variation in marine sorting 
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capacities away from the shoreline. In the lower part of the limestone, currents were 
sufficiently strong to winnow out clay-size material and to redistribute comminuted 
quartz and felspar away from the shoreline. Clays have been carried further off¬ 
shore and deposited in quieter waters, while the coarsest material was deposited close 
/in-shore. It is known that near the outer margins of the deposit a lateral facies 
change from limestone to silty-clay occurs corresponding to increasing distance 
away from shoreline as would be expected. This change occurs gradually and is the 
final result of the trend already evident in a small way in the limestone of the quarry, 
a trend towards decrease in grain size away from shoreline. This lateral gradation 
in grain size is probably a result of deeper water away from shoreline and corres¬ 
ponding variation in the strength of bottom currents. 

Similarly in the vertical variations, the appearance of clays associated with other 
faqies changes at the top of the limestone, must have been due to a change in the 
marine conditions which produced weaker currents. The nature of the change was 
a deepening of the sea around the Dog Rocks. It has been shown in the study of the 
detrital minerals that the granitic and diabasic suite, quartz, felspar, biotite, garnet 
and amphiboles, almost completely disappears near the top of the limestone and is 
replaced by clays with accessory tourmaline, zircons and titanium minerals. The 
granite then ceased to be a source of detritus and must have been below the zone of 
high energy wave activity which eroded granite in the littoral zone during the accumu¬ 
lation of the main body of the limestone. This change could only occur by complete 
submergence in a deepening sea. 

It is significant that the changes in environment which eventually resulted in the 
extinction of the prolific faunas near the Dog Rocks, can be initially detected in the 
limestone well below the transition to Fyansford Clay. These changes correspond 
to the entry of Lepidocyclina 4C Y below the clay and are characterized principally by 
the decline in granitic detritus. This indicates a decrease in the exposed area of 
granitic landmass on the Dog Rocks. Slow deepening of the basin had resulted in a 
progressive transgression of the sea on to the granite slowly submerging it. This 
deepening probably corresponded to the transgressive phase at Maude and reached 
a climax which coincided with the top of the Batesford Limestone and resulted in 
changes in bottom conditions with poorer sorting, muddy environment and important 
faunal changes. 

During the deposition of the Batesford Limestone, a regular gradation in grain 
size existed on the sea floor from coarse to fine away from shoreline, corresponding 
to the lateral changes now evident along any one horizon. A similar off-shore 
gradation is commonly recorded from modern marine environments (Gould and 
Stewart 1955, Byrne and Emery 1960) although many exceptions are known. 

The near-shore zone at the Dog Rocks became admirably suited to the develop¬ 
ment of a calcareous facies for in such a zone the following conditions were fulfilled: 

1. Carbonate solubility would be low in the shallow warm water, thus facilitating 
its extract by shelly faunas. 

2. Active currents continuously removed fines and maintained clear sandy bot¬ 
tom favourable to benthonic organisms. 

3. Highly aerated and oxidizing conditions in the water and on the sea floor, 
together with photosynthesizing algae and phytoplankton, would provide abundant 
food and oxygen to support a dense population on the sea floor. 

The thick deposit of limestone which accumulated under these conditions man¬ 
aged to maintain relatively uniform sorting characteristics (at least below the top 
40'). This indicates that approximately constant depth was maintained, in which 
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case the rate of deposition must have approximated the rate of deepening due to 
transgression. 

The sequence of depositional events is summarized and illustrated in Fig. 13. 

FYANSFORD CLAY 

This formation derives its name from the section in the road cutting on the 
Inverleigh Rd at Fyansford, often referred to in earlier literature as ‘Orphanage 
Hiir. The formation is defined here to include all clays, argillaceous limestone, marls 
and argillaceous silts situated above the stratigraphic level of the Batesford Lime¬ 
stone and below the disconformable contact with the Moorabool Viaduct Sands. 

The maximum outcrop thickness occurs in the section at Fyansford (No. 2) 
where 112' have been measured in the road cutting. Here the base of the formation 
is not exposed, but the upper contact with the Viaduct Sands is visible near the top 
of the sequence and is marked by a phosphatic nodule band. 

The lower formation boundary is best seen in the quarry at Batesford or in the 
cliff section on the N. side of the river near the quarry. Here beds of clay inter- 
digitate with beds of limestone in a transition zone between the Batesford Limestone 
and Fyansford Clay. When traced laterally, each interfingering bed shows facies 
variations from argillaceous to more calcareous sediment or vice versa. The transition 
between the two formations is thus gradational, both vertically and laterally. Under 
these circumstances it is not possible to specify any bed as a precise formation 
boundary. 

Facies variations occur within the Fyansford Clay, but the predominantly argil¬ 
laceous lithology forms a very widespread and persistent unit throughout the area. 
It can be traced along the Moorabool, Barwon and Leigh R. lensing out to the N. 
on rising Lower Tertiary sediments. Near Maude it overlies Upper Maude Lime¬ 
stone, but unfortunately exposures in this area are very poor and detailed study has 
been necessarily limited to the Geelong area. 


Fig. 13—Diagrams illustrating the development of the diachronous relationships 
between the Batesford Limestone and Fyansford Clay. 

A. In Lower Tertiary, possibly Janjukian time, transgressive advance of shoreline 
occurred cross granitic terrain near Dog Rocks. Four environments are represented 
in the sedimentary facies of the limestone-clay association. Abraded Lithothamnion 
fragments occur throughout the limestone from a rocky littoral zone (a). Coarse 
marginal sands, now separating limestone from granite, represent a zone of coarse¬ 
grained granitic detritus deposited close in-shore with coarse skeletal carbonate sands 
(zone b). Reworked skeletal carbonate and comminuted granitic detritus were 
deposited in shallow off-shore zones by currents of medium carrying and sorting 
capacity (zone c). Clays and fine-grained abraded carbonate were transported away 

from shoreline and deposited by weaker currents in deeper water (zone d). 

B. Sedimentation under these conditions kept pace with and may have slightly 
exceeded the rate of deepening. The large benthonic foraminifera, Lepidocyclina 
and Cycloclypeiis appeared for the first time and an increase in the rate of deepening 
is indicated by deterioration in sorting and a decline in the percentage and size of 

granitic detritus corresponding to submergence of the granite. 

C. The rate of deepening during maximum transgression considerably exceeded the 
rate of deposition. Deeper water lead to weaker currents, poorer sorting and a 
muddy environment Benthonic foraminifera were smothered and reducing conditions 
developed in the clays on the sea floor with the development of pyrite and glauconite. 

D. During the regressive phase, gently dipping clays were eroded and horizontal 
Moorabool Viaduct Sands were deposited on them with a small angular uncon¬ 
formity. Initial off-shore dips in limestone and clay would be accentuated by 

differential compaction. 
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A maximum known thickness of SOCK of clay is present near Coghill’s (section 
No. 3). 

General Lithology : Occasional bands of harder, limonitic and usually more 
calcareous beds are interbedded with thicker beds of heavy grey calcareous clay 
(section 2). In outcrops exposed for long periods, such as that at Fyansford, the 
softer clays are pale grey while the harder beds are limonitic yellow. But in more 
recently excavated material, such as in the Batesford quarry or in bores, the clays 
are dark grey and the calcareous bands are merely light grey. Therefore most of the 
colour variations in the older outcrops are due to weathering. 

Beds are usually horizontal but in the section in the cliff N. of the Batesford 
limestone quarry where clay is exposed for some 100 yds, a slight dip to the SE. of 
approximately 2° is apparent. This follows a similar trend in the underlying lime¬ 
stone which carries the clay-limestone contact below the level of alluvium a short 
distance to the E. of the present quarry. This dip was noted by Hall and Pritchard 
(1897) and was taken to infer a regional easterly dip. The pronounced increase in 
thickness towards the E. towards Coghili's is thought to be due to the easterly dip 
of the Tertiary sediments following granitic basement. This trend is important in 
the discussion of the age of the clays E. of Batesford. 

Origin of Dip : The fact that the dip follows the trend of the underlying granitic 
basement which slopes to the E. indicates that it may be a depositional effect con¬ 
trolled by the basement topography as suggested for the Batesford Limestone. This 
would imply that the easterly dip would not be maintained around the entire granite 
body but would tend to occur radially away from the granite. Suitable outcrops are 
not available on the N. and W. sides of the Dog Rocks to check this theory. Initial 
dip of similar amount has been recorded by Koldewijn (1958) in clays (pelites) on 
the Paria-Trinidad shelf, especially close to shoreline. 

The alternative explanation would involve slight tectonic movements in epi- 
Cheltenhamian time, for the younger sands which overlie the clays are horizontal. 
However, the known active faults in the region have moved in such a way as to 
produce a westerly rather than easterly dip. Moreover, if the dip is tectonic in 
origin, it should persist regionally to the N. of the Dog Rocks, in which case the 
sediments at Clay Point should be considerably older than the sediments at Fyans¬ 
ford or Batesford. There is no evidence to support this; on the contrary, the evidence 
suggests that they are at least younger than the clays exposed in the quarry at 
Batesford. 

The dip is therefore regarded as an initial rather than tectonic effect. 

Carbonate Content: From the results of detailed carbonate analyses (see 
Tables 12-14), the following general conclusions have been reached:— 

1. The overall carbonate percentage decreases vertically above the Batesford 
Limestone reaching its lowest average values in the Fyansford section. 
Thereafter, it tends to increase in the younger sediments as at North Shore, 
Corio Bay. Even in the Fyansford section, there is a tendency for the car¬ 
bonate content to rise in the samples from near the top (F7, FI 1, F10, F12, 
Table 13). 

2. The limestone junction is not a sharp one as observed by Hall and Pritchard, 
but is rather a transitional one of interbedded clay and limestone with some 
thick bands of marl. The actual transition commences below the top of the 
quarry in the limestone as indicated by the insoluble residue analyses, and is 
marked by the prominence of clay in the upper W of the limestone. 
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3. In weathered outcrop, the marl bands tend to be more limonitic in colour 
and appearance, and conversely, the more yellow clays as at Clay Point, and 
Corio Bay, tend to be higher in the percentage of carbonate than the grey 
clays. These limonitic clays are also significantly coarser than the dark grey 
clays. This is evident in the analyses of sand: silt-clay ratios in Tables 12-14. 

4. The principal source of calcium carbonate is the skeletal remains of the 
abundant benthonic mollusca, and to a lesser extent, pelagic foraminifera and 
polyzoa which found a suitable habitat in the Miocene sea. Mollusca are often 
entire, showing no evidence of transport. In any case, the currents which 
deposited the fine-grained clays and silts would not have been sufficiently 
strong to have transported molluscan shells. The carbonate is therefore 
mainly autochthonous. However, some fine-grained clay-size carbonate or 
lime mud has been transported and deposited with clay minerals. This fine¬ 
grained carbonate could originate in three ways: 

(a) By abrasion of skeletal remains of polyzoa, mollusca, etc., in the 
shallow in-shore zones giving rise to a fine carbonate ‘flour’ which would be 
deposited off-shore with clay-size material, e.g. the fine fraction, equivalent 
to sand-size carbonate of the Batesford Limestone. 

(b) By organic precipitation, principally by algae, as minute aragonite 
needles. 

(c) By chemical precipitation as aragonite in shallow warm water. 

Whilst it is impossible to give any definitive explanation of the origin of 
this lime mud, it is almost certain that carbonate of type (a) is present. The 
presence of coralline algae in the organic remains in the limestones and marls 
suggests that lime secreting algae may have produced carbonate of type (b). 
But there is a complete absence of evidence to suggest chemical precipitation 
of type (c). 

5. The density of the benthonic population, the shells of which largely make up 
the carbonate content, was largely controlled by the aeration of the sea floor. 
The lime rich bands are probably related therefore to periods of better 
aeration and higher oxidation potential. This is supported by mineralogical 
evidence (see facies summary, Table 15). 

Size Analyses—Sand: Silt-Clay Ratios: The results obtained by sizing 
insoluble fractions through a 240 mesh screen are set out in Table 11. Although the 
actual silt percentage was not measured, a visual approximation was made bv 
examining the —240 mesh fraction under a binocular microscope after decanting 
clays in suspension. In all cases the percentage of silt estimated has been found to 
be approximately proportional to the percentage sand or coarse fraction retained on 
the 240 mesh screen. 


Table 11 

Approx. % of sand , silt and clay from various outcrops of Fyansford Clay 


Locality 

Average % 
sand -f- 240 mesh 

Approx, 
clay content 

Approx, 
silt content 

Approx, 
sand content 

Clay above Batesford quarry 

1-4 

v. high 

v. low 

v. low 

Fyansford 

5-6 

high 

high 

low 

Clay Point 

110 

medium 

v. high 

medium 

Western Beach 

160 

medium 

v. high 

high 

North Shore 

320 

low 

v. high 

v. high 
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These results are set out from top to bottom, in increasing percentage of coarse 
material. A significant feature which emerges from this arrangement is that the 
oldest clays, those associated with Lepidocyclina at Batesford and Batesfordian in 
age, are at one end of the table, and the youngest, those with Hinnites at North 
Shore and of Baimsdalian age, are at the end. This does not necessarily mean that 
the intervening localities are in their correct relative orders of age, but it does reflect 
important changes in sedimentation associated with the filling of the Tertiary basin, 
and the shallowing of the sea. No doubt lateral variations will complicate the picture 
but this trend towards increasing coarseness does take place throughout any one 
vertical sequence in the area, i.e. a sandy facies of the Fyansford Clay occurs to¬ 
wards the top of the formation. 

Summary of Mineralogy: The clay mineralogy has not been studied. Investi¬ 
gation has been limited to insoluble residues other than clays. 

The principal residues remaining after treatment in dilute acid and decantation 
of the clay fraction, are finely divided quartz, muscovite, chloritic biotite, magnetite 
and ilmenite with variable amounts of fresh biotite from some samples only. 


Table 12 

Ratio of carbonate : sand : silt-clay from Fyansford Clay outcropping above 
Batesford Limestone in the cement quarry, Batesford 


Sample No. 

o/ 

/o 

CaCO s 

% 

+ 240# 

** 

o 

o'W 

1 

+ 240#/ 

-240# 

Residues 

SE 2 

59-2 

0-8 

400 

0*05 

quartz, muscovite, 
chloritic biotite 

SE 3 

890 

0-2 

10-8 

002 

idem with fresh biotite 

SE 4 

810 

0-2 

18-8 

001 

idem 

SE 5 

26-5 

1-4 

721 

002 

idem with pyrite 

SE 6 

41-5 

1-2 

57-3 

002 

quartz, muscovite 
chloritic biotite 

SE 8 

24-8 

8-0 

67-2 

0*1 

idem 

SE 9 

84-7 

0-6 

14-7 

004 

idem with glauconitic 
casts 

SE 15 

591 

0-6 

40*3 

0*01 

quartz, muscovite, 
chloritic biotite 
and fresh biotite 

SE 16 

18-6 

0-7 

80-7 

001 

idem 

SE 17 

53-6 

0-6 

45-8 

001 

idem 


The heavy mineral content consists mainly of a mature assemblage of zircons, 
tourmalines and rutile with leucoxene, iron ores and a small amount of topaz. This 
further reflects the low topography and advanced weathering which must have 
existed in the area of the source rocks. This assemblage is not diagnostic of any 
particular source area and has not been studied in detail. 

Three minerals of special interest which occur in the clay are siderite, pyrite and 
glauconite. 

Siderite is recorded in samples of the clays from Clay Point, Batesford and 
Fyansford. It occurs as minute rhombohedra approximately 0 02 mm diameter 
showing strong red-brown iron-staining due to oxidation. When seen fresh in bore 
cores it is colourless. Its euhedral shape and its abundance in suspected faecal pellets 
indicate that it has developed in situ after the pellets formed. It represents a reducing 
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environment as shown by Teichert (1958) and is regarded here as having developed 
in the sediment below the water interface in a zone of poor aeration, i.e. an authi- 
genic mineral originating very soon after burial. 

Pyrite has been observed in dark clays immediately overlying the limestone at 
the Batesford quarry. In some samples it is associated with glauconite. It occurs as 
small irregular nodules down to spherulites of sub-microscopic size less than 5 
microns diameter. It is regarded as a reasonable environmental indicator reflecting 
alkaline pH with anaerobic and reducing conditions as suggested by Edwards and 
Baker (1951) and confirmed by later workers. Conditions of poor aeration are also 
indicated by the paucity of organic remains in any bands which are pyritic. The 
almost perfect preservation of molluscan shells with nacreous layers intact confirms 
the alkaline pH of the sediment. 


Table 13 

Ratios of carbonate : sand : silt-clay from Fyansford Clay in road cutting at Fyansford 


Sample No. 

% 

CaCO a 

% 

+ 240# 

% 

-240# 

+ 240#/ 

-240# 

Residues 

F 1 

8-2 

9-2 

82-6 

Oil 

quartz, muscovite, 
chloritic biotite 

F 3 

8-4 

3-6 

88-0 

004 

idem with traces 
glauconite and 
euhedral siderite 

F 4 

8-9 

8-8 

82-3 

0-01 

quartz, muscovite, 
chloritic-biotite 

F 6 

7-8 

2*8 

89-4 

0-03 

idem 

F 8 

41 

3-2 

92-7 

0-03 

idem 

F 7 

20-9 

6-4 

72-7 

0-09 

idem 

F 11 

7-3 

1-2 

91-5 

0-01 

idem 

F 10 

31-1 

5*6 

63-3 

0-09 

idem 

F 12 

17-3 

10-0 

72-7 

014 

idem 


Glauconite also occurs above the limestone in the Batesford quarry (SE.9, 
SE.10) and in a relatively similar position with respect to the limestone in a bore 
near Coghili’s at 138' below the surface. It is also recorded in insoluble residues 
from the clays at Fyansford (F.3). It occurs as discrete pellets, infilling foramini- 
feral and polyzoan chambers and as an unusual, massive streaky lenticular green 
mineral. In the latter mode of occurrence it shows distinct pleochrism. Ample iron 
and potassium were available in the environment with minerals derived from nearby 
granite, with pyrite and normal clay minerals to provide for the formation of 
glauconite. In places, streaks to -J" thick occur, which are much too large to have 
developed from mica booklets as observed by Hadding (1932). It is more probably 
derived directly from illite or montmorillonite taking up potassium and iron in a 
favourable environment of slow deposition as suggested by Cloud (1955) Burst 
(1958) and others. 

Glauconite itself is not a good indicator of environment for it can form under a 
very wide range of conditions which are not at all well understood. Whilst favouring 
development in neritic or shelf seas, it does not develop in shoreline or near-shore 
environments which support polyzoa or reef building algae as pointed out by Cloud 
(op. cit). It favours rather intermediate depths or deeper neritic zones. 

Its occurrence at Batesford immediately above the limestone in which polyzoa 

H 
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abound, further indicates a marked deepening of the Miocene sea at the conclusion 
of deposition of the Batesford Limestone. 

At the horizon in which glauconite is most prominent, i.e. in the basal portion 
of the clay sequence, there is almost a complete absence of sand or even silt-size 
quartz. This suggests extremely weak bottom currents and very slow terrigenous 
sedimentation. This is in contrast with the upper portion of the clay sequence where 
silt and sand becomes prominent in the clays and glauconite is absent. 

Table 14 

Ratios of carbonate : sand : silt-clay from the silty and calcareous facies of Fyansford 
Clay and overlying Viaduct Sands above the disconformity on the shores of Corio Bay 


Sample No. 

Location 


% Ratios 


Approximate 

Ratio 

Carbonate 

Sand 

Silt-Clay 

Sand/ 

Silt-Clay 

1/1A 

Clay from basal 16' 
Western Beach 

28-6 

260 

45-4 

1 : 1-8 

2/1A 

Marl from bed above 
15' Western Beach 

57-8 

10-2 

320 

1:3 

1/1 

From Hinnites bed at 
base of section. 
North Shore 

61-4 

25-4 

13-2 

2:1 

2/1 

Clay from above 
Hinnites bed at 
North Shore 

11-2 

38-6 

60-2 

3:4 

DISCONFORMITY 






3/1 

Sandy limestone 
from Rly cutting, 
Cowies Cr., Geelong 

74-2 

240 

1-8 

14:1 

4/1 

Sandy limestone 
at top of section. 
North Shore 

69-8 

21-4 

8-8 

6:2 


One other feature worthy of note is the presence of small brown phosphatic 
concretions in the sandy clays at Clay Point. Mr A. Coulson first drew the author's 
attention to these in relation to the origin of the overlying bed of phosphate nodules. 

The concretions appear as small dark brown bodies which tend to weather out 
slightly on the face of the cliff. They are not common however, and are not nearly 
as prominent as the large hard concretions in the Miocene clays and limestone at 
the Amphitheatre, N. of Shelford. Those at Clay Point grade outwards into clay 
and are clearly diagenetic rather than depositional in their origin. 

Faunal Variations: A marked faunal change is associated with the transition 
at the top of the Batesford Limestone. The prolific population of benthonic foramini- 
fera, Lepidocyclina and Cycloclypeus , required clear and probably shallow water to 
survive. Lepidocyclina continues for some l(Y into the clays before its final dis¬ 
appearance. 

The vertical change in facies from limestone to clay reflects the; deepening of the 
water in the basin. This was accompanied by two effects, either of which would 
probably have been sufficient to have accounted for the extinction of these benthonic 
foraminifera. 

The first was the development of a muddy sea floor instead of a clear sandy 













TERTIARY STRATIGRAPHY AND SEDIMENTATION 107 

bottom normally required for these genera. The second effect was a probable change 
in bottom temperature. In the Miocene of Victoria and New Zealand, Lepidocyclina, 
which is a tropical form, was near the most southerly limit of its endurance. Under 
these conditions, it is feasible that a slight change in bottom temperature due to a 
change in local environment, such as deepening of water during transgression, would 
be sufficient to cause extinction of the genus in the new environment. 

These then give way to a muddy bottom molluscan fauna characterized by 
abundant gasteropods with polyzoa, brachiopods and lamellibranchs (see Hall and 
Pritchard 1892). 

Within the molluscan fauna of the clays, oysters are common at Clay Point and 
at North Shore, Corio Bay. The latter is Bairnsdalian and certainly younger than 
the basal portion of the Fyansford Clay. At both these localities shallow water is 
indicated both from the abundance of oysters and in the high proportion of carbonate 
and sand relative to clay. The large pelecypod, Hinnites corioensis, is recorded from 
both localities and also from the section at Coghill’s, by Hall and Pritchard (1892). 
Shallow water developed due to the slow infilling of the basin and later due to slight 
uplift, which eventually lead to the retreat of the sea from the area, and it is implied 
that these shallow water sediments are probably younger than the basal clays of 
Fyansford which, in turn, are certainly younger than the clays which contain 
Lepidocyclina at their base in the Batesford quarry. 

It has been pointed out recently by Carter (1963) that his Faunal Unit 11, in¬ 
cluding Orbulina universa and Cibicides victoriensis, occurs throughout the outcrop 
of Fyansford Clay in the road cutting at Fyansford, which is regarded therefore by 
him as post-Balcombian (or Bairnsdalian). The Balcombian stage, on his determi¬ 
nations, is represented by approximately 30' of clays containing Globigerinoides 
transit oria and Orbulina suturalis overlying the Batesford Limestone at the quarry. 

FACIES VARIANTS OF THE FYANSFORD CLAY 

Western Beach-North Shore Sections: Almost continuous exposures of 
silty-clay, marls and sandy limestones occur in the cliffs along the W. margin of 
Corio Bay. At North Shore, on the N. side of the entrance of Cowies Cr., a basal 
sandy limestone with Hinnites passes up to calcareous silts and clays with inter- 
bedded sandy limestone in the sequence below the nodule bed. 

This sequence is related to a sequence exposed in the cliffs at Western Beach, 
Corio Bay (near Rippleside Park, 2 m. S. of North Shore) by almost identical 
stratigraphic position and lateral facies variations. Stratigraphically, the North 
Shore beds rise slightly to the S. and are equivalent to approximately the top 1CK 
of the Western Beach section below the nodule bed. This is accompanied by an in¬ 
crease in clay content laterally along the outcrop towards Western Beach. The car¬ 
bonate percentage of the Hinnites limestone bed decreases, clay content increases, 
and Hinnites occurrence becomes less abundant being rarely found S. of Cowie’s Cr! 

Lithologically, the beds at North Shore and Western Beach are distinct from 
the clays in the Fyansford section, as well as being distinct from each other. The 
North Shore beds consist of sandy limestones with calcareous silts and a relatively 
low percentage clay. The Western Beach sediments are mainly sandy or silty marls 
interbedded in calcareous silty clays. 

In both cases, a considerably higher percentage carbonate is associated with 
coarser detrital material than occurs in the clays in the Fyansford section. The beds 
along the W. shores of Corio Bay therefore represent a sandy calcareous facies of 
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the Fyansford Clay, with those at Western Beach being intermediate in composition 
between the limestone beds at North Shore and the clays at Fyansford. 

Stratigraphically, the main part of the Western Beach section passes under that 
of North Shore. Both are thought to be higher in the sequence than the beds at 
Fyansford; certainly higher than the lower part of the Fyansford section. A pro¬ 
gressive vertical increase in both carbonate and sand content through the sequence 
of the Fyansford Clay therefore is apparent. 

Marl Facies near Lethbridge: Near the top of stratigraphic section 13 
(R.L.446') SE. of Lethbridge, fragments of an indurated marl outcrop in broken 
blocks on the upper valley slopes. The exact thickness of the marl is uncertain but 
several closely spaced beds 1' to 3' thick are interbedded with calcareous clay. A few 
yards up the slope from the marl, rounded white quartz gravels and ferruginous 
sandstone blocks are found in the soil. The marl therefore occurs very close to the 
top of the Fyansford Clay. The band may be traced as broken blocks in soil to the 
N. and S. of this section but poor exposures prevent accurate determinations of 
extent and thickness. 

In sample 3/16 5 from this section, the marl yielded tests of Lepidocyclina . 
These occur lKT above the Maude Basalt and approximately 8O' above the Upper 
Maude Limestone. The occurrence of this genus, near the top of the clay sequence 
which is thought to be Balcombian or younger, puts it well above the stratigraphic 
level of its normal occurrence which is in sediments of Batesfordian age, equivalent 
in part to the Upper Maude Limestone. 

The tests recovered from this sample have an abraded and rolled appearance. 
Some of their outer chambers and the outer equatorial margins have been eroded, 
resulting in an oval or elliptical cross-section rather than the normal discoidal shape; 
in addition, all tests have been deeply iron stained. 

The horizon on which they occur is very close to the level of the disconformity 
with phosphatic nodules, along which much reworking and redistribution of older 
sediments is known to have taken place. Unfortunately, in the poor outcrop, the 
accurate relationships between the disconformity and the marl cannot be ascertained. 

It is concluded that these foraminifera are remanie as suggested by their abraded 
appearance and position in the sequence. They have probably been reworked from 
sediments of Batesfordian age closer in-shore and redeposited in their present 
position. This is not unusual since the author has found Lepidocyclina in a phos¬ 
phatic nodule on Sutherland’s Cr. at an horizon well above that in which it normally 
occurs. 

Leaf Beds near Greenbanks: From stratigraphic section No. 11 on the 
property known as 'Greenbanks' to as far downstream as section No. 6 (approx. 
1 m. N. of Viaduct) traces of a thin arenaceous limestone or calcareous sandstone 
occur with poorly preserved leaf impressions. Unfortunately, poor outcrop prevents 
accurate determination of stratigraphic position. Broken blocks in soil have been 
observed from 6" to nearly 4' thick. 

In the hand specimen, coarse well rounded quartz grains are prominent. In thin 
section, fine quartz grains less than 0* 1 mm diameter occur in a calcitic matrix. By 
visual estimation in thin section, carbonate content is estimated to vary from approxi¬ 
mately 40% to 70%. 

Carbonate consists predominantly of a matrix of fine-grained clear granular 
calcite with quartz grains and cloudy carbonate skeletal pellets to approx. 0-1 mm. 
The pellets are subopaque showing only faint traces of relict organic structure. A 
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similar feature has been noticed in the breakdown in structure of Lithothamnion 
pellets in the upper beds of the Upper Maude Limestone (bed D). In this latter 
case a transition can be traced from the large well preserved skeletal fragments in 
the lower portion of that limestone through to smaller and more structureless frag¬ 
ments with continued deposition and reworking of broken reef material. It seems 
probable that many of the subopaque pellets in this arenaceous limestone have had 
a similar origin and represent reworked skeletal fragments. 

Fragments with any recognizable organic structure are rare. The only ones 
observed are small unidentifiable foraminiferal tests and ostracod shell in sample 
2/10*5 from \ m. N. of Baker's Bridge. In sample 3/9 from ‘Greenbanks’, in which 

Table 15 ; 

Facies summary of Fyansford Clay and Batesford Limestone 



Facies Summary 

Depositional 

Environment 

Location 

Lithology 

Sand: 

clay 

ratio 

Mineralogy 

(excluding 

clays) 

Fauna 

Eh 

pH 

Depth 


North Shore 

calcareous 

high 

quartz, 

oysters, 

+ ve 

alk. 

v. shallow 


to Western 

clay. 


muscovite, 

gasteropods 





Beach 

silty-marls, 


chloritic 







sandy 


biotite 







limestone 








Clay Point 

calcareous 

med. 

quartz. 

oysters. 

-1- ve 

alk. 

shallow 

Sr 

& Coghill's 

clays. 


muscovite, 

gasteropods 






marls 


chloritic 









biotite 





u 

O 

Fyansford 

calcareous 

low 

quartz. 

gasteropods 

neut. 

alk. 

deeper 

M-t 

to 


clays 


muscovite, 




water 

rt 




glauconite 




v. slow 





siderite 




deposition 


Batesford 

calcareous 

v. low 

pynte, 

gasteropods. 

—ve 

alk. 

deepest 



clays. 


glauconite, 

replacing 



water, 



marls & 


siderite 

larger forams 



poor 



limestone 






aeration. 









slow 









deposition 

o 

Batesford 

foraminiferal 

low 


polyzoa 

•+• ve 

alk. 

shallow 

u a 
O ° 

Quarry 

limestone 



larger forams 



water 

to 

above 40' 









Below 40 / 

polyzoal 

high 


polyzoa 

+ ve 

alk. 

shallow 

aJ .S 


limestone 



mollusca etc. 



water 


the best leaf impressions occur, there are no recognizable marine organisms. Large 
rounded clay pellets commonly occur to approx. 1 mm, and are usually heavily iron 
stained to a limonitic red. These probably represent reworked intraformational clay 
pellets. 

In addition to quartz, chert fragments occur with traces of plagioclase and micro- 
cline. Muscovite is common with traces of pleochroic biotite and greenish brown, 
almost isotropic pellets, tentatively identified as oxidized glauconite. 
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Fossil Content : This bed is marked by a complete absence of identifiable 
marine fossils. Only indeterminate traces of abraded shells have been observed. Leaf 
impresssions, which are usually present, are invariably very poor; the only reason¬ 
able specimen containing a median rib was found near the top of the section at 
‘Greenbanks’. In all other places, the same characteristic arenaceous lithology can 
be found to contain the same indeterminate leaf impressions without any trace of 
marine macro-fossils which are so common throughout the remainder of the sequence. 

Nearly everywhere the bed has been recorded, it is found at, or very close to, the 
horizon of phosphatic nodules. But whether it occurs above or below this horizon is 
not known. At Baker’s Bridge it appears to interfinger into the clay sequence 
slightly below the nodule bed. 

Conclusion : In the absence of accurate field relationships, the true signifi¬ 
cance of the bed is uncertain. 

The complete absence of identifiable fossils and the presence of leaf impressions 
probably indicate a thin non-marine or near-shore environment. It is somewhat 
tentatively regarded as an intertonguing non-marine facies in the Fyansford Clay. 

It is thought to have developed late in the history of the basin after considerable 
infilling had occurred. The sandy and calcareous nature of the bed in a clay sequence 
suggest shallower water than that in which the underlying clays were deposited. 
This phase may have been a forerunner of the main regression which followed 
shortly after the deposition of this facies. The regression is evidenced by the coarsen¬ 
ing of detrital material with sands, gravels and phosphatic nodules slightly higher 
in the sequence than the leaf beds. 

MOORABOOL VIADUCT SANDS 

The type locality for this formation occurs at the Railway Viaduct on the 
Geelong-Ballarat line where it crosses the Moorabool R. m. N. of Batesford. 
Although the exposures here are not the best available, this locality is well known 
in the writings of early workers (Hall and Pritchard 1897, Mulder 1902, Singleton 
1941) because of the interesting faunas which occur here and which have been 
identified as representing both Kalimnan and Werrikooian stages. The formation is 
taken to include all the arenaceous sediments stratigraphically situated above the 
disconformable contact with the Fyansford Clay and underlying Newer Basalt. The 
formation thus defined, includes a variety of minor lithological types including cal¬ 
careous sands, argillaceous sands, quartzite, ferruginous sandstone and conglomerate. 

Thickness and Extent: The actual thickness in the vicinity of the Viaduct is 
difficult to accurately determine, but is tentatively estimated at 50'-70'. For the most 
part, the sands to the S. and E., near Geelong, are thinner than this. In fact, the 
formation is very thin over the entire area, the only place in which a thickness occurs 
greater than that at the Viaduct, is on the Leigh R., N. of Inverleigh at Farrell’s 
(Dennant and Mulder 1898) where 77' of sands have been measured by the author. 

Although uniformly thin, the formation covers a very wide area. Its continuity 
can be traced from N. of Shelford in the W., down the entire length of the Leigh R. 
to Inverleigh; and in the E., from N. of Sutherland’s Cr. down the Moorabool 
Valley to the shores of Corio Bay. In fact, it can be said to cover, or at least to have 
covered at some time, almost the entire area affected by marine Tertiary sedimen¬ 
tation in this district. 

Lithology : Due to the very variable nature of the lithology, study has been 
restricted largely to observations in the field rather than detailed laboratory work. 
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The discussion therefore is limited to the broader features of the lithological varia¬ 
tions. Such variations are well represented in the vicinity of the Viaduct, but even 
here the detailed relationships of the sands are complex and largely obscured by 
later basalt flows and poor exposures. 

A cross-section at the Viaduct is shown diagrammatically in Fig. 14. 


From the level of the basalt plains, down the slopes of the river valley, the order 
of outcrop is as follows: 


(a) Upper or Plains Basalt... 

(b) White sands.*. 

(c) Lower and younger basalt. 

(d) Red ironstained sands, grading down to red fossiliferous 

calcareous sandstone and partly cemented calcareous sand¬ 
stone with foraminifera... ; . 

(e) Red ferruginous sandstone on right bank below lower 

basalt. 


15-20' 

lower contact not exposed 
to W 


lower contact not exposed 
unknown thickness 


These variations are now considered in detail, starting at the top of the section 
at the Viaduct and working down through the features represented on Fig. 14. 



(a) The sequence is capped by a thin sheet of plains basalt to the E. and W. of 
the Viaduct. The base of this basalt is exposed in railway cuttings where it overlies 
white sands (b). Unlike the lower basalt (c) it is often strongly decomposed. It is 
considered to be continuous with similar basalt forming the plains to the E. and W. 
of the Viaduct. 

(b) In railway cuttings beneath the upper basalt but well back from the present 
valley walls, outcrops of fine white sands occur to more than 10' thick. These are 
soft, unconsolidated and somewhat variable in colour and texture from white un¬ 
consolidated sands through a mottled yellow to a red-brown limonitic concretionary 
sandstone. An extensive search failed to reveal any trace of fossils or calcium car¬ 
bonate. Hall and Pritchard (1897) were also unsuccessful in their search for organic 
remains here apart from a single leaf impression which they took to indicate the 
‘probable fresh water nature of the deposit’. In the absence of any new evidence, 
these sands therefore are tentatively regarded as non-marine deposits. 

(c) A second lava flow lies at a lower level than that of the basaltic plains and 
reaches a thickness of at least 4O' on the E. bank of the river at the railway bridge. 
It rests in a valley cut into Tertiary sediments down as far as the base of the sands 
and into the clays. When traced N. along the river’s edge, the base of the flow rises 
until, near a track down to the river, it rests on fine red iron-stained sands. The 
basalt here outcrops in large fresh blocks. 

This flow is regarded as younger than the plains basalt and is thought to have 
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been extruded into a valley cut through the higher lava into underlying Tertiary 
sediments. 

(d) Calcareous sandstone. On the E. side of the river N. of the Viaduct, a 
deposit of calcareous sand occurs which contains the youngest fauna recorded in the 
sub-basaltic sediments of the area. Mulder (1902) recorded this deposit from the 
two outcrops observed by the author, viz. on the track leading down to the river 
l>ehind the house approx. 300 yds N. of the railway line, and also on the road cutting 
leading down to the river approx. 4 m. N. of the Viaduct. 

The latter deposit consists of thin bedded poorly cemented calcareous sandstone 
grading in places to a sandy limestone. Bedding is variable but usually approxi¬ 
mately 1" thick with soft friable sands between harder and more calcareous bands. 
Pebbles of rounded quartz and slate occur near the top of the exposure in bands 
of calcareous conglomerate. 

Quartz grains are fine to medium size and indicate medium sorting. There is an 
unusually large percentage of angular quartz and the association with soft slate 
pebbles suggests a nearby source. Chloritic biotite flakes also occur with brown 
polished limonitic pellets, some of which are casts of foraminifera, and may represent 
redeposited oxidized glauconite. 

Macrofossils are rare in this outcrop but there is a foraminiferal assemblage 
present, as yet undetermined. 

At approximately the same stratigraphic level but further to the S. along the 
track to the river, hard calcareous sandstone occurs with macrofossils, representa¬ 
tives of the fauna collected by Mulder. The outcrop at the base consists of hard 
reddish-yellow fine grained calcareous sandstone passing up to a yellow sandy lime¬ 
stone with small fossils. This in turn passes up to poorly sorted calcareous sands 
with gasteropods and lamellibranchs associated with coarse rounded quartz to 1" 
diameter. This underlies massive fine red sands, below lower basalt. 

From Mulder’s collection, Tate identified 12 out of 13 species from this locality 
as modern living species and suggested the age to be Upper Pliocene or possibly 
Pleistocene. Singleton (1941) has recorded the deposit as Werrikooian. 

At the top of the track and overlying the calcareous sands, a deposit of some 
6-1(7 thick occurs consisting of fine well-sorted heavily iron-stained and partly con¬ 
solidated sands. These immediately underlie basalt and probably represent a con¬ 
tinuation of the lower calcareous deposit from which all carbonate has been leached 
either before or during the extrusion of the basalt. No fossil remains have been 
recorded or observed in them. 

(e) Red ferruginous sandstone. This is found on the W, bank of the Moorabool 
on the slopes immediately N. of the railway line. A residual tongue of lower basalt 
extends down almost to the river’s edge and is underlain by the ferruginous sand¬ 
stone. At this locality the Geological Survey map bears a note ‘Ironstone full of 
fossils’. This is now somewhat misleading, since most of the material available was 
outwash blocks in the soil originating from below the lava residual at the W. end 
of the Viaduct. Much of this has apparently been removed for fossils are now rarely 
found. 

The rock is heavily iron-stained to a dark red-brown and contains an unusually 
high proportion of white kaolinized felspar. This occurs to approximately 2 mm 
diameter associated with larger sub-rounded to sub-angular quartz. A relatively 
high proportion of clay present provides a suitable texture for the preservation of 
fossils as moulds. Carbonate has all been entirely leached from the sediment during 
the extensive alteration associated with the introduction of iron. 
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This occurrence attracted the attention of Hall and Pritchard (1897) who re¬ 
garded the fauna as Miocene. Singleton, on a map of the Geelong district (1941, 
p. 30), shows this deposit as Kalimnan, i.e. Lower Pliocene. 

The Viaduct is the only locality in the district where Werrikooian and Kalimnan 
faunas are both recorded in the sands. And even here, due to poor outcrop, it has 
not been possible to establish superposition, although the Werrikooian faunas do 
appear to be slightly higher than the level from which the Kalimnan ferruginous 
sandstone originates. 

Lithologically there are significant differences between the sands containing the 
different faunas. The kaolinized felspar fragments, common in the Kalimnan sands 
are not found in the sands regarded as Werrikooian; the conglomeratic bands with 
slate pebbles in the latter do not appear in the ferruginous sandstones of the former. 
Moreover, the sands thought to be younger, still contain a high carbonate content 
and generally have a fresh appearance. On the other hand, the older Kalimnan sands 
are very strongly leached and carbonate has been replaced by limonite. 

It is concluded therefore that, in this part of the Viaduct Sands at least, marine 
sediments of Lower Pliocene and Upper Pliocene or even Lower Pleistocene are 
both represented. In addition, the sands show many lithological variations, some of 
which are now described from other localities. 

S. of Clay Point, sub-basaltic quartzite occurs as outwash blocks in the soil at 
the same stratigraphic level as the Viaduct Sands. Further S. near Ballarat Road, 
Batesford, these sub-basaltic sands contain poorly preserved molluscan moulds indi¬ 
cating the continuity of the marine sequence. On Ballarat Road there are two out¬ 
crops of sands in road cuttings; a higher one beneath basalt of the plains and a lower 
one, again overlain by basalt but almost certainly younger than the Viaduct Sands 
and not in any way related to them. The lower sands are regarded as deposits of the 
ancestral Moorabool R. which cut through the plains basalt into Tertiary sediments. 
Sands deposited in the river bed have been preserved by a cover of younger basalt 
which now appears at a lower level than that of the plains. No fossils have been 
found in the upper sands but, from their stratigraphical position, there is no doubt 
that they are continuous with the fossiliferous sandstone between Ballarat Road and 
the Viaduct. 

In the cliff on the N. side of the Batesford quarry, a well exposed outcrop of the 
sands occurs. Here 28' of sands rest with a low angular unconformity on Fyansford 
Clay and underlie thin lavas of the plains or upper basalt. The upper 15' are white 
and poorly consolidated with 7' of massive unbedded sands at the top. These grade 
down to yellow, limonitic, bedded sands 13' thick with hard discontinuous cal¬ 
careous bands (Table 16). 

These bands are fossiliferous but unfortunately the age of the fauna contained in 
them is not known. A preliminary examination has suggested a relationship with 
the moulds found in the Kalimnan sandstone at the Viaduct. 


Table 16 

Carbonate analyses from Moorabool Viaduct Sands in cliff section below 
Newer Basalt, N. of Moorabool R. at Batesford quarry 


Sample No. 


Carbonate % 

TSw5 

White unconsolidated sands below Newer Basalt 

nil 

TSw3 

Hard ferruginous bed in yellow sands 10' above disconformity 

trace 

TSw2 

Hard discontinuous bed in yellow sands 3' above disconformity 

62-8 

TSwl 

Yellow sands immediately above disconformity 

65-5 
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In the stratigraphic sections between Batesford and Corio Bay (sections 2 and 
3) no further trace of marine organism occurs in the sands. However, near North 
Shore, and in the railway cuttings near the International Harvester works, the for¬ 
mation has changed over to a coarse sandy limestone with up to 74% carbonate (see 
Table 14). Molluscan moulds with occasional oyster shells, indicate a marine origin 
for the formation to the shores of Corio Bay. 

The failure to locate marine fossils at Fyansford and Coghill*s is attributed to 
effective leaching rather than to non-marine origin at these localities. 

N. of the Viaduct little is known of this formation. The arenaceous lithology can 
be traced to the N. side of Sutherland’s Cr. but only at one locality has the continua¬ 
tion of the marine beds been established. This is on the S. side of the river at Moodie's 
(section 8B) where a molluscan fauna occurs in poorly sorted argillaceous yellow- 
grey sands containing coarse quartz pebbles. One mile upstream, in the vicinity of 
the Rowsley Fault, sub-basaltic sands in auger samples were found to be calcareous. 
However, northwards from here, it has not been possible to establish definite marine 
continuity. This may be due to the almost complete lack of satisfactory exposures of 
sands, apart from quartzite in the N. parts of the basin. 

To the W., marine fossils have been observed in red-brown limonitic argillaceous 
sands at the top of an exposed sequence in a road cutting at Bruce’s Cr. near Ban¬ 
nockburn. On the Leigh R., Dennant and Mulder (1896) record a conglomerate of 
‘probable Miocene age* at Shelford. This is in a position at the top of the sequence 
equivalent to that of the Viaduct Sands and is almost certainly a continuation of that 
formation. At Shelford, the ferruginous sandstone contains abundant moulds of 
Pecten antiaustralis (Dennant and Mulder op. cit.) now known as Chlamys as per - 
rimus antiaustralis (Gatliff and Singleton 1930). These may be matched with an 
exposure on the E. side of the Leigh Valley in sands and calcareous clays near the 
top of the sequence (in section 111, Dennant and Mulder 1898). Here there is a 
sharp junction in the contact between the lower clays and marls, and the upper 
argillaceous sands with Chlamys asperrimus antiaustralis. This sharp lithological 
break almost certainly represents the westerly continuation of the disconformable 
Fyansford Clay-Viaduct Sands contact. Moreover, at the Amphitheatre, 4 m. N. of 
Shelford (Sec. X, Dennant and Mulder), the same transition can be observed and 
is here marked by a phosphatic nodule bed as at Fyansford. 

A marine origin for at least the basal portion of the Viaduct Sands is therefore 
postulated to extend from near the Tertiary shoreline at Shelford to Corio Bay in 
the E. 

NON-MARINE DEPOSITS OF VIADUCT SANDS 

As already mentioned. Hall and Pritchard (1897) claim to have discovered 
evidence of possible non-marine deposition in the white and mottled sub-basaltic 
sands at the highest level in the railway cutting ^ m. W. of the Viaduct. These are 
equivalent to similar sands in the cutting on the E. near Moorabool railway station. 
But the extent of non-marine deposits in the Viaduct Sands is not known. The 
absence of marine faunas is not sufficient evidence on which to postulate a non¬ 
marine origin. Traces of carbonaceous material occur in some areas such as in the 
sands and quartzites beneath Newer Basalt on the banks of Sutherland’s Cr., and 
definite leaf remains occur in a road cutting on Burnside Road near Murgheboluc in 
ferruginous sands. Further investigations, e.g. into variations in sorting character¬ 
istics, may yield additional evidence but, in the present study, only the upper portions 
of the formation which have yielded plant remains show any positive evidence of 
non-marine origin. 
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FERRUGINOUS ALTERATION 

The colour changes often evident in the sands, such as in the cliff on the N. side 
of the river at Batesford quarry, are due to secondary leaching and oxidation. The 
exact age and nature of this profile development is often obscure, and may be related 
to either pre-basaltic or post-basaltic weathering by ground-water solutions. Judging 
by the variation in alteration of the fossiliferous sands at the Viaduct, the principal 
period of carbonate leaching with precipitation and oxidation of iron, must have 
preceded the deposition of the Werrikooian sands. The Kalimnan sands are exten- 
tively leached and ferruginized; the Werrikooian only slightly so. 

SUB-BASALTIC QUARTZITE 

In many localities where the Viaduct Sands are overlain by Newer Basalt hard 
siliceous bands of quartzite are developed. This is the case at Sutherland's Cr., in the 
railway cutting W. of the Viaduct, and on the E. valley slopes S. of Clay Point 
towards Ballarat Road. 

In a gully N. of Sutherland's Cr. a bed of siliceous conglomerate 5' thick overlies 
Maude Basalt. This passes up into, and is laterally continuous with, thin quartzite 
beneath Newer Basalt S. of this locality. Here, argillaceous sands and quartzites 
contain wood fragments suggesting a non-marine origin consistent with their lateral 
relationship with non-marine sands and gravels overlying Ordovician slates a short 
distance to the N. 

FYANSFORD CLAY-VIADUCT SANDS DISCONFORMITY 

The evidence for a disconformity between the Fyansford Clay and the overlying 
sands is provided by a small angular unconformity near Batesford, a sharp litho¬ 
logical change always found at the top of the clay and associated with this uncon¬ 
formity, the absence of faunal representatives of at least one complete stage from the 
sequence in the faunas so far recognized, and a very widespread association of 
phosphatic nodules with these features. 

ANGULAR UNCONFORMITY 

In the cliff section N. of the river at Batesford quarry, the Fyansford Clay and 
Viaduct Sands are exposed in a continuous section for some 100 yds in a NW.-SE. 
direction. A stratigraphic section measured at the S. end of the cliff contains 20' 
more clay than a similar section at the N. end. The low south-easterly dip in the clays 
results in a very low angular unconformity at the contact with the Viaduct Sands 
which are themselves horizontal. This results in progressively younger beds being 
brought into contact with the sands in a south-easterly direction. 

This is the only locality in which a true unconformity has been observed, and it 
is only evident here because of the relatively large exposure available for examination. 
The angle of unconformity is so small, as to be normally undetectable in the poor 
exposures along the Moorabool Valley. Because of the very small angle, and the 
inability to check this in other localities, the relationship is referred to as a ‘dis¬ 
conformity' rather than an ‘unconformity', using the terminology of Dunbar and 
Rogers (1957). 

LITHOLOGICAL CHANGE 

Associated with the disconformity, there is a very sudden change in lithology 
from calcareous clays to coarse sands. Not only is this present at Batesford, but it is 
found wherever the sand-clay contact is exposed. It is found at Shelford in the W., 
where the lithological change is accompanied by phosphatic nodules and important 
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faunal changes, to as far as Corio Bay in the E. where almost exactly the same 
criteria occur. At a great number of localities between, the same lithological changes 
are evident. 

FAUNAL BREAK 

Of all the faunas so far recorded from the sequence in the Geelong area, none 
has yet been assigned a Cheltenhamian age. On the other hand, Kalimnan, Bairns- 
dalian and Balcombian stages have been reported. The apparent break in the faunal 
sequence corresponds precisely to the disconformity evident in the field, and since 
definite erosion is known to have occurred along the disconformity, some faunal gaps 
would be expected. However, because of the unsatisfactory state of Upper Tertiary 
stages and the lack of diagnostic faunas, it is impossible to estimate the magnitude 
of the gap represented by the disconformity. 

At Beaumaris, some 40 m. NE., a similar phosphatic nodule bed is associated 
with a similar lithological change from clays to sands and occurs at the base of the 
type section of the Cheltenhamian. The nodule bed and associated disconformity 
may therefore represent a diachronous horizon being a different age in different 
places and cutting across time boundaries, so that while erosion was taking place in 
one environment, deposition was occurring in another, probably further off-shore. 

PHOSPHATIC NODULES 

These have been recorded and described by Coulson (1932) and Keble (1932) 
in the vicinity of Geelong. In the course of the present work, nodules have been 
found over a very wide area from the Amphitheatre, N. of Shelford in the NW., to 
Murgheboluc in the SW., and from Sutherland's Cr. in the N., to the shores of Corio 
Bay in the E. When found, they are always associated with the lithological change 
which characterizes the disconformity, although nodules are not present at all locali¬ 
ties at which the disconformity is represented. They do not form a continuous de¬ 
posit, but tend to be localized in thin bands, usually less than 6" thick. They are not 
present, e.g. in the cliff N. of Batesford quarry where the angular unconformity 
exists. But they do occur in equivalent positions in the sections measured on either 
side of this cliff, i.e. at Clay Point, Coghill’s and Fyansford road cutting. 

They are essentially associated with the disconformity both in origin and occur¬ 
rence and, in places where outcrop is poor, they may be found as outwash material 
in soil on the valley slopes providing evidence for continuity of the disconformity. 

Distinction Between ‘Nodules' and ‘Concretions': To avoid confusion in 
the use of these terms when referring to phosphorites, it is proposed to use them only 
in the sense of Pettijohn (1957, p. 200, 203). The term ‘nodule’ refers to ‘irregular 
tuberous bodies of mineral matter unlike that of the host rock in which they occur'. 
A concretion on the other hand is ‘an accumulation of mineral matter in the pores of 
the sediment about a nucleus or centre’. 

The phosphatic nodules are separate entities from the sedimentary matrix in 
which they are located. At Geelong, and neighbouring localities, as recorded by 
Coulson, they often possess a dark brown exterior and highly polished surfaces. Some 
bear distinctive surface marking such as pholad borings and polyzoan incrustations 
indicative of a long period on the sea floor before final burial. 

The concretions, however, grade outwards into the containing sediment and are 
not separated from it by a sharp boundary. They lack polished surfaces and may 
occur in a variety of shapes, many of which are found to cut across bedding planes in 
the sediment. This provides conclusive evidence that they have formed after de- 
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position during diagenesis, and not as a syngenetic deposit on the sea floor at the 
water-sediment interface. They will always be found to contain a fauna identical with 
that of the sediment in which they occur. 

Coulson (op. cit.) has recorded the widespread occurrence of concretionary 
phosphates from Thompson’s Cr., Moriac, Torquay, Waurn Ponds and Western 
Beach. In addition, a prominent occurrence is found at the Amphitheatre, on the 
Leigh R.. N. of Shelford. Here limestones and silty clays pass up to 3(7 of clay s 
which, in turn, are overlain disconformably by sands equivalent to the Viaduct Sands. 
The limestones are limonitic and weathered in outcrop but, on the weathered surface 
brown resistant phosphatic concretions often protrude. These occur in a variety of 
shapes but are usually rounded, elongate or torpedo-shaped. The interior is a dark 
brown to black, grading outwards to a lighter brown and eventually merging into 
the surrounding sediment. The dark interior of the concretions reacts strongly to a 
phosphate test. 

It would seem then that such diagenetic concretions have attained a widespread 
if somewhat sporadic distribution throughout the Miocene sequence of Western 
Victoria, at least from Shelford to Torquay. 

Origin of Nodules : 

Original Theory of Coulson and Keble: Keble (1932) made a study of 
the faunas associated with the nodules on the disconformity and he came to the 
conclusion that the enclosed faunas were older than the faunas of the enclosing sedi¬ 
ment. The nodules were therefore considered to be remanie in their origin. Keble 
recognized the affinities of the enclosed faunas with that of the older Janjukian lime¬ 
stones as at Waurn Ponds in which concretionary phosphate occurs. But to account 
for the abundance of enclosed crabs, both Keble and Coulson have invoked two 
periods of formation as summarized by Coulson (p. 126)— 

‘(a) Uplift and emergence of the Miocene limestone. 

(b) Erosion of post-Miocene valleys. 

(c) Slow subsidence and invasion of the sea. 

(d) Gradual uplift, complete emergence. 

(e) Deposition of Pliocene sands. 

(f) Erosion. 

(g) Newer Basalt flows/ 

In the course of the present investigation, the views of Coulson and Keble that 
nodules are remanie in origin have been confirmed. However, the writer disagrees 
with the contention of these workers that two stages of formation are necessary. 
There appears to be no adequate evidence that the erosion which gave rise to the 
disconformity took place under sub-aerial conditions as postulated by Coulson. He 
has claimed the existence of valleys in which the nodules have accumulated. But these 
may alternatively be regarded as shallow depressions on the sea floor. The author 
believes that erosion took place under sub-marine conditions due to reduction of base 
level at the commencement of marine regression. 

Marine Miocene clays pass up across a sharp contact to younger Upper Tertiary 
marine sands. There is no evidence of terrestrial deposits separating the two. The 
removal of portion of the sequence below the disconformity (evident in the existence 
of the small angular unconformity at Batesford) is thought to be due to the marked 
shallowing of the sea bringing the fine clays and marls into the zone of wave activity. 

In this shallow water zone, sediments of a much coarser grain size than clays 
would have been at equilibrium with the strong currents. Unstable fines were re- 
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moved and coarse-grained sediments deposited. This has resulted in the sharp litho¬ 
logical transition at the contact of Fyansford Clay and Viaduct Sands. 

The facies change evident between these two formations is attributed therefore 
to the change in conditions of deposition which occurred at the commencement of 
regression. This was probably initiated due to uplift of the Central Victorian region. 
Uplift resulted in a series of events including shallowing of the sea, submarine erosion 
of sediments deposited earlier in deeper water, increase in the rate of erosion on land 
with corresponding increase in the rate of supply of coarse terrigenous material to 
the basin. This eventually resulted in the retreat of the sea from the entire area. 

Other Theories: There appear to be three possible mechanisms by which 
the nodules may have originated: 

(1) By formation essentially in nodular shape on the sea floor. 

(2) By derivation from phosphatic concretions in older sediments (remainic 
origin). 

(3) By the breaking up of a slabby bed of primary phosphorite formed on the 
sea floor. 

(1) Formation as nodules on the sea floor: 

This explanation has been put forward by Emery, Dietz and others in a series of 
papers (1942, 45, 50, 52) to explain nodules on the present sea floor off the coast of 
California. However, it is inadequate in the case of the Geelong nodules for the 
following reasons: 

(a) The shape of the nodules is such that they show definite evidence of abrasion 
rather than accumulation and growth in situ. Mammillary or typical growth surfaces 
are absent and on the outside of the nodules outlines of contained shells are truncated 
by abrasion. 

(b) The fossils found in some nodules are older than the sediments in which 
they occur. This is born out by Keble’s investigation (1932) and the author’s obser¬ 
vations of Lepidocyclina -bearing phosphorite on the disconformity well above the 
normal Batesfordian horizon of that genus (PI. XVIII, fig. 3). It may be argued 
that these fossils have eroded out of older rocks and have been recemented by phos¬ 
phate on the sea floor. This was the explanation offered by the Californian workers 
to explain nodules containing almost exclusively Miocene faunas on the sea floor off 
California. In such circumstances, however, most nodules would be expected to con¬ 
tain a mixed fauna. But these are rarely recorded. In a table recording occurrences 
of modern phosphorite, Emery and Shepard (1945) record 1,112 samples containing 
Miocene foraminifera whilst only 15 contained a Pliocene or Quaternary fauna, and 
then in matrix only. Whilst nodules containing exclusively "Miocene, Pliocene or 
Quaternary faunas are known to occur, evidence of nodules containing faunas of 
mixed age is rarely recorded. 

Moreover, the Lepidocyclina tests themselves, in a nodule at Sutherland’s Cr., 
show no sign of abrasion as do those occurring in the marly facies of the Fyansford 
Clay near Lethbridge. In this latter case, the actual tests have been eroded,"abraded 
and redeposited but, in the former, they have been protected in the entire body of 
phosphatized Batesfordian sediment which has been abraded and redeposited. 

It is often claimed that phosphates, like glauconite, indicate environments of non¬ 
deposition. This is partly true, but it is not considered adequate to explain the 
occurrence in the Geelong area where there is evidence, not only of non-deposition, 
but of active erosion. Moreover, an environment of non-deposition in shallow water 
and a relatively warm climate which existed at the time of the development of the 
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nodule bed, would be exactly the environment in which benthonic mollusca, polyzoa 
and other organisms would flourish, resulting in the development of a calcareous 
facies. If such conditions persisted, a considerable thickness of limestone would be 
expected to occur. It is conditions similar to these which are thought to have resulted 
in the accumulation of the Bairnsdale Limestone, when little or no terrigenous mat¬ 
erial was being supplied to the Gippsland basin (R. W. T. Wilkins pers. comm.). 

The absence of a well defined calcareous facies specifically associated with the 
disconformity and nodule bed therefore suggests that conditions of non-deposition 
were not those responsible for the phosphorite. 

(2) Derivation from older sediment— remanie origin: 

The author is in agreement with Coulson and Keble that there is definite evidence 
to substantiate a remanie origin for a large part, if not all, of the nodules at Geelong. 

There is ample concretionary phosphate in some horizons of the underlying sedi¬ 
ment which, if eroded, would develop into nodular phosphorites. These would con¬ 
tain a fauna older than the horizon on which the nodules now occur, as observed by 
Keble and the author at Geelong, and by workers studying nodular phosphorites off 
California. 

The phosphorite with Lepidocyclina above is regarded as a fragment of sediment 
of Batesfordian age cemented by phosphate, which has been reworked and redeposited 
by strong currents. Further evidence of reworking is found associated with nodules 
at Beaumaris. Here remanie tests of Lepidocyclina are known to occur in the sands 
for several feet above the nodule horizon which is separated from sediments of true 
Batesfordian age by an unknown thickness of younger clays. 

It is concluded therefore that reworking of older sediments has occurred at 
Geelong and possibly at Beaumaris and, in the former case at least, phosphatic con¬ 
cretions are known to be present in the underlying rocks in many localities, and 
these have been eroded out to form lag deposits in the shallow water environment. 

(3) Breaking up of a phosphorite bed formed on the sea floor: 

Coulson and Keble, in addition to postulating a remanie origin, invoked a second 
period of formation involving two marine cycles with a period of complete emergence 
between. In the second of these, they have suggested the formation of an ‘intermediate 
bed’ of phosphorite. 

It is well known that phosphate can be precipitated from sea water and is found 
to coat gravels and pebbles of other rocks, e.g. basalt, in some examples of modern 
sediments. Moreover, Emery (1960) has recorded slabby phosphorite in some 
samples from the modern ocean floor. These often contain Quaternary or Pliocene 
faunas and have undoubtedly formed in situ by the precipitation of primary or 
syngenetic phosphate. However, in such examples, the following criteria may be 
expected to occur: 

(a) When nodules of remanie origin are present, they will sometimes be enclosed 
in a matrix of younger phosphorite. This, when eroded would result in a ‘nodule-in- 
nodule’ structure or slabby phosphorite containing older cemented nodules. This 
does occur in the Californian examples but has never been recorded nor observed by 
the writer in the Geelong phosphorites. 

(b) Faunas of mixed age would be found in such examples, the fauna of the 
matrix being younger than that of the nodules which it enclosed. 

The intermediate bed was proposed by Coulson and Keble to account for the 
abundance of Ommatocarcinus corioensis in the nodules at Geelong. The stratigraphic 
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range of the genus is not yet accurately known. At Shelford and Torquay, the author 
has found crab remains in phosphatic concretions in situ in sediment of Lower 
Tertiary age and there seems no reason why such concretions could not give rise to 
remanie nodules with crab remains similar to those noted by Keble. 

Conclusion : The evidence for an intermediate bed of primary or syngenetic 
phosphorite as an origin for some of the nodules is a possibility, but lacks 
any positive evidence in the Geelong district. On the other hand, there is positive 
evidence that at least some, if not all the nodules present, have been derived from the 
erosion of older sediments containing phosphatic concretions. There is no evidence 
that complete emergence occurred prior to the development of an intermediate bed as 
suggested by other workers. The disconformity and nodule bed forms rather an im¬ 
portant horizon representing a specific phase in a single marine cycle of deposition. 
The sequence of events involved is summarized below and represented diagram- 
matically in Fig. IS. 

During early Tertiary sedimentation, sediments were deposited which contained 
fine-grained chemically or organically derived phosphate, such as that found in the 
wide occurrence of phosphatic shales, or in the Cretaceous Chalk of Great Britain 
where it is associated with glauconite. 

Large amounts of biochemically derived phosphate were associated with abun¬ 
dant Miocene faunas. 

After burial, and during consolidation of the sediment, the phosphate was rela¬ 
tively quickly mobilized and concentrated around a phosphatic nucleus in the sedi¬ 
ment, thus forming a phosphatic concretion. In the Lower Tertiary sediments at the 
Amphitheatre, Shelford, crab remains and vertical burrows have been observed to 
form the nuclei of some of these concretions. 

Phosphate deposition diminished during the deposition of the clay sequence for 
it occurs predominantly in the more calcareous beds. 

After deposition of the clays, the regressive stage commenced due to late Tertiary 
uplift and with it there was a marked shallowing of the sea, bringing older and partly 
consolidated sediments into the zone of wave activity, thus subjecting them to sub¬ 
marine erosion. Submarine erosion removed relatively large quantities of older sedi¬ 
ment forming such features as the widespread disconformity with a small angular 
unconformity at Batesford. As the fine material was winnowed out to be redeposited 
elsewhere olT-shore, the now consolidated phosphatic concretions remained behind 
as a lag deposit being corroded and rolled on the sea floor during the long period of 
basal reduction under a slowly shallowing sea. Associated with such nodules, other 
hydraulically equivalent pebbles or cobbles were redistributed, such as the quartz 
pebbles which occasionally are to be found with the nodules, e.g. in the section at 
Coghill's. 

The final stage resulted in the deposition of the very shallow water sands which 
overlie the nodule bed and represent the final event in the recession of the Tertiary 
sea in Pliocene time. 

While there are difficulties in this explanation, it is held that it best explains the 
observed facts, as now known. 

NON-MARINE SANDS AND GRAVELS OF MAUDE STEIGLITZ 

AND ANAKIE 

The occurrences of gravels at Maude and their relationships to the non-marine 
gravels on the Steiglitz plateau to the N. of Maude have been summarized by Harris 
and Thomas (1949). 
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They have recognized three series of gravels near Maude: 

(1) Siliceous conglomerates which rest on bedrock and are claimed to be older than 
the sands and gravels of the Lower Maude Formation. 

(2) Unconsolidated sands and gravels of the Lower Maude Formation with similar 
lateral equivalents in Sutherland’s Cr. 

(3) Sands and gravels which unconformably (or disconformably) overlie the marine 
fossiliferous beds on the Upper Maude limestone and clay and directly underlie 
Newer Basalt. 

The writer is in substantial agreement with the suggestions of Harris and Thomas 
but would make one amendment. 

Apart from secondary silicification, there appears to be little valid evidence for 
distinguishing the siliceous conglomerate of (1) from the sands and gravels of (2). 
The former are continuous with the Sutherland’s Creek Sands which themselves are 
often prominently silicified. They lie on bedrock just as the siliceous conglomerate. 

The gravels are then reduced to two horizons, an older and a younger series 
which interfinger in the marine sequence and can be traced northwards onto pene- 
plained Ordovician slates. 

On some maps of the Geological Survey, e.g. Quarter Sheet 19 SW., gravels 
outside the limits of marine sedimentation are often differentiated into Miocene and 
Pliocene and are represented as such in different colours. Sands and gravels of Upper 
Tertiary and Lower Tertiary age are present in the marine sequence and these can 
be traced for a short distance inland into non-marine sediments. The criteria used 
to recognize terrestrial sands and gravels are two: 

(1) All sediments considered to lie outside the maximum limits of the marine trans¬ 
gression. 

(2) Those sands or gravels which contain ferruginized fragments of wood, as re¬ 
corded by Wilkinson and Murray on Quarter Sheet 19 SW., and confirmed by 
the author. 

Gravels of various ages are known to be represented and are still accumulating in 
the present erosive cycle as alluvial deposits, some of which contained payable auri¬ 
ferous deposits. But "differentiation between the various Tertiary sands and gravels 
away from the shoreline presents many difficulties, which raise doubts about validity 
of the ‘Miocene’ and ‘Pliocene’ ages assigned to them by the early Geological Survey 
workers. 


Fig. 15—Suggested stages in the devolpment of the phosphatic nodule bed and 
disconformity between the Moorabool Viaduct Sands and Fyansford Clay. 

A. Clays, limestone and marginal sands deposited in neritic sea lens out against 
rising Palaeozoic bedrock. Phosphate material, either chemically or biochemically 
derived is mobilized during diagenesis and concentrated around a suitable nucleus 

forming a hard phosphatic concretion. 

B. Reduction in sea level during regression brings limestone containing phosphatic 

concretions into the zone of submarine erosion (E). 

C. Some clays and limestone are eroded leaving concretions as abraded and rolled 
residual deposits, sometimes associated with quartz gravels. These in turn are 
covered by younger shallow-water sands. Eroded sediments may be deposited in 
deeper off-shore environments where continuous deposition may be expected equiva¬ 
lent to the erosion break closer in-shore. A disconformity of this nature is therefore 

considered to be diachronous. 

D. After final retreat of the sea from the area, the disconformity and nodule bed 
now correspond to a sharp lithological change and, at Batesford, to a low angular 

unconformity. 
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OLDER GRAVELS 

These occur at various localities N. of the Tertiary shoreline. The most extensive 
deposits of coarse gravels occur close to the N. limit of Tertiary marine sediments 
on slopes dissected by recent drainage 3 m. NW. of Maude. At this locality, gravels 
are extracted for road metal over a lateral extent of some 100 acres and reach a 
maximum thickness of at least 150 / . They can be traced to the N. across Sutherland's 
Cr. thinning out on the rising Ordovician slates and underlying remnant outliers of 
Maude Basalt. They thin out to the W. and to the E., passing laterally into the finer 
Sutherland's Creek Sands. 

The gravels consist of a basal conglomerate of large boulders of Ordovician reef 
quartz and sandstone with smaller fragments of slate. Boulders to 2' diameter are 
common. The basal 6' of the deposit is often cemented into a very hard conglomerate 
with a siliceous and ferruginous cement. Vertically, this passes up to non-cemented, 
very coarse, poorly sorted and sub-rounded gravels with few boulders and eventually 
to finer gravels, quartz grits and clays towards the top of the sequence. The rock 
types represented appear to be derived entirely from Palaeozoic rocks. 

The gravels are continuous to the S. with the Lower Maude Gravels which pass 
under the Lower Maude Limestone. Since the latter is considered to be Janjukian, 
the gravels are themselves Janjukian or older. N. of Sutherland's Cr. they underlie 
Maude Basalt which serves to distinguish them from the younger sands and gravels 
which overlie the basalt at other localities. 

Origin : The mechanism by which these older gravels were accumulated is not 
known. They were possibly concentrated around the margins of the Tertiary basin 
by southerly flowing streams in early Tertiary time. But whatever mechanism was 
involved considerable energy was required to distribute the large rounded boulders 
which occur at the base of the sequence. 

YOUNGER SANDS AND GRAVELS 

In a gully running N. from Sutherland's Cr., quartzite and siliceous conglomerate 
5' thick lies between Maude Basalt and Newer Basalt in a stratigraphic position 
equivalent to the Moorabool Viaduct Sands. This marks the N. limit of Tertiary 
marine sediments and the quartzite here is considered to be at least in part marine in 
origin, although palaeontological evidence is lacking. Harris and Thomas (1949) 
refer to the strongly unconformable relationship with the underlying marine clays 
and limestone. This represents the Fyansford Clay-Viaduct Sands disconformity 
which can be traced inland to Sutherland's Cr. 

Further to the N., extensive deposits of sands occur which are well outside the 
limits of marine sedimentation. These are prominently developed at many localities 
on the Steiglitz Plateau, e.g. in the road cutting up the scarp at Anakie and along 
Boardman's Track. Other deposits occur marginal to the Tertiary shoreline and are 
tentatively regarded as non-marine, such as that which overlies granite on the E. 
branch of Sutherland’s Cr. 

On Anakie Road, medium to fine grained sands 28' thick unconformably overlie 
Ordovician sandstones and slates. The basal 2' of the deposit contains some pebbles 
and boulders of Ordovician sediment but quickly passes to well bedded and often 
poorly sorted sands cemented in a strongly ferruginized and highly limonitic matrix. 
The entire deposit is red-brown with poorly developed mottling near the surface. 

Further S. near the fault scarp W. of O’Neil's Lane, similar strongly ferruginized 
sandstone passes down to reddish-yellow partly cemented sands, then to a mottled 
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zone which overlies white sands and gravels. The total thickness here is approxi¬ 
mately 35' but the thickness of individual zones is difficult to estimate. 

Sands similar to either of these two occurrences are common at many places on 
the undissected summits of the Steiglitz Plateau and form red soils, often with 
prominent mottling in the B horizon and typical lateritic appearance. 

E. of the Rowsley Fault in a very good exposure on the East Branch of Suther¬ 
land's Cr., very strongly ferruginized sands occur to a depth of more than 4(Y (a 
detailed description of this profile will be given elsewhere). 

The sands at this locality are unfossiliferous and are tentatively regarded as equi¬ 
valents of the ferruginous sands on the Steiglitz Plateau. Their nodular character 
appears similar to an advanced stage of the mottling present in the sands on the 
plateau to the W. 

Age and Origin : The relationship of these sands to marine deposits of known 
age further to the S. is not clear. At a locality N. of Sutherland’s Cr. (264,204) fer¬ 
ruginous sandstone occurs between Maude Basalt and Newer Basalt. It contains 
limonitically replaced wood fragments and is almost certainly terrestrial in origin. 
Its position between the basalts would make it stratigraphically equivalent to the 
Moorabool Viaduct Sands or arenaceous equivalents of the Fyansford Clay. 

Further N., Maude Basalt is absent but ferruginous sandstone continues to 
Anakie and beyond. It therefore appears that the major portion of the ferruginous 
sands are younger than the Maude Basalt and would be Upper Tertiary rather than 
Lower Tertiary in age. However, lithological similarity is considered insufficient 
evidence to establish synchronous relationships with the Moorabool Viaduct Sands 
in the marine sequence. Some may be much older than Pliocene and in places there 
may have been slow but continuous non-marine accumulation since the deposition 
of the thick Lower Tertiary gravels near Steiglitz. In the absence of Maude 
Basalt which acts as a marker separating the two, it is impossible to say with any 
certainty what age the sands or gravels may represent N. of the Tertiary shoreline. 

It is concluded therefore, that the sands and gravels on and near the Steiglitz 
Plateau represent accumulations which may have been taking place throughout the 
Tertiary, as well as recent deposits which occur on the slopes and valley floors of 
present streams. Reworking of some of the Lower Tertiary sands and gravels, how¬ 
ever, is thought to have resulted in redeposition of fine sands in late Tertiary time 
followed by extensive ferruginization. In most cases there is insufficient evidence to 
differentiate between Lower Tertiary and Upper Tertiary terrigenous sediments. 
The practice of early workers of the Geological Survey in differentiating terrigenous 
sediments into gravels of Miocene and Pliocene age, sometimes directly overlying 
each other, as on the fault scarp N. of Sutherland’s Cr., is considered therefore to be 
invalid except where separated from each other by Maude Basalt. And even then, 
the closest age determination that may be validly assigned to them is Lower Tertiary 
and Upper Tertiary. 

Detailed Stratigraphic Relationships and Time-Rock Correlation 

The relationships between rock units recognized in the sequence are illustrated 
in Fig. 2, 3, 13, 16 and 19. 

The oldest beds exposed are those in the N. near the limits of Tertiary trans¬ 
gression, i.e. beds of the Lower Maude Formation. Earlier workers have reached 
general agreement that the Lower Maude Limestone is the same age as the lower 
beds at Spring Cr., Torquay, the type locality of the Janjukian stage. If the Oligo- 
Miocene transgression advanced from the SW., the basal marine deposits of the 
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Torquay sequence (located approximately 40 m. S. of Maude) should be older than 
the basal beds at Maude. There appears to be a significant absence of transgressive 
onlap normally associated with a slow transgression. It would seem then, that initial 
transgression occurred rapidly, depositing beds of approximately the same age at 
Maude and at Torquay, 40 m. to the S. In this case, there should be equivalent 
Janjukian deposits between these two localities. Singleton (1941) suggested a Jan- 
jukian age for the Waurn Ponds limestones; Hall and Pritchard (1895) suggested 
a similar age for the limestone at Belmont on the S. side of the Barwon near Geelong. 
However, no equivalents of the Lower Maude Limestone have been recognized in 
the sequence near Geelong N. of the Barwon R. 

This raises the question whether marine deposition occurred N. of the Barrabool 
Hills in Janjukian time. 

Sediments of Janjukian age may occur in the basal portions of the Batesford 
Limestone, which have not yet been examined palaeontologically. The uppermost 40' 
of limestone is of Batesfordian age as defined by Singleton (1941) on the occurrence 
of Lepidocyclina, and this genus persists for 10' into the overlying clays. The Bates¬ 
fordian stage then does not correspond to the lithological or formation boundary. 
The limestone at the base of the present quarry is pre-Batesfordian, and does not 
contain Lepidocyclina. It is regarded as Longfordian by Carter (1963) and it is held 
that the limestone which underlies it will prove to be Longfordian (in the sense of 
Carter 1959) or Janjukian (see Fig. 16). 

Limestone is known to occur on one of the highest points of the Barrabool Hills 
overlying diabase W. of Ceres (Coulson 1960), and there is little doubt that the sea 
covered the Barrabool Hills in early Tertiary time and that the principal period of 
Barrabool uplift is post-Janjukian. Therefore, Janjukian sediments probably exist 
in the deeper off-shore areas between the Dog Rocks and the present course of the 
Barwon R., and possibly at depth in other localities to the N. not yet known. 

SIGNIFICANCE OF MAUDE BASALT 

All available evidence suggests that the basalt was extruded under mainly sub¬ 
aerial conditions on top of the Lower Maude marine beds. 

To account for this there must have been a slight regression towards the end of 
Janjukian deposition, corresponding to the top of the Lower Maude Limestone. This 
could have been caused by slight uplift of the N. area along an E.-W. axis near Maude 
which could also have coincided with, or even have triggered off, local volcanic 
activity. The absence of an erosional break between the Lower Maude Limestone 
and the base of the basalt, suggests that regression and lava extrusion followed each 
other very closely without any significant sub-aerial erosion. 

The presence of pillow lavas near Russell’s Bridge, suggests that the new shore¬ 
line may have been situated in this vicinity. 

There followed then, a period of minor transgression at Maude with the deposition 
of littoral deposits on the eroded surface of the basalt. The extent of erosion and the 
nature of the Upper Maude Limestone indicate relatively slow deposition in an 
advancing sea. The overall thickness of basalt (approx. 100') would necessitate a 
deepening in the adjacent waters of a similar amount before the next transgressive 
phase could deposit the limestones at the new shoreline N. of Maude school. This 
minor transgression, and the disconformable break associated with it, are represented 
at Batesford by apparently continuous deposition. Attempts to locate a corresponding 
break in the deposition of the limestone at Batesford have proved unsuccessful. 

The presence of Lepidocyclina near the shoreline at Maude school provides con- 
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firmatory evidence for the correlation of the Upper Maude Limestone with the upper 
portion of the Batesford Limestone, or true Batesfordian. It will be recalled that 
evidence of slow deepening has been suggested in the change of detrital material 
(disappearance of granitic detritus) occurring in the upper part of the Batesford 
Limestone becoming prominent with the entry of Lepidocyclina. It is believed that 
this correlates with the transgressive advance of shoreline from Russell’s Bridge to 
Maude during which time the Upper Maude Limestone was deposited, equivalent 
to the upper 40' of the Batesford Limestone. 

AGE OF UPPER MAUDE LIMESTONE-BASALT DISCONFORMITY 
The presence of a strongly eroded surface between the Upper Maude Limestone 
and Maude Basalt associated with minor regression and transgression indicates that 
portion of the sequence at Maude is missing. 

If the Lower Maude Limestone is Janjukian and the Upper Maude Limestone 
is Batesfordian, then the break in the sequence must be equivalent to Longfordian 
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Fig. 16—Stratigraphic correlation diagram showing the rock and suggested time- 
rock correlation between the sequences at Maude and Geelong. The age of the 
disconformity between the Moorabool Viaduct Sands and Fyansford Clay is thought 
to be older near shoreline in the N. than at Geelong. The overlap between the 
macrofaunal and inicrofaunal age determinations of the Fyansford Clay is largely 
due to inherent difficulties in correlating by stages erected from completely different 
and unrelated sequences as in the case of the Batesfordian and Balcombian as 
defined by Singleton (1941) and Bairnsdalian as defined by Crespin (1943) and 
later modified by Carter (1959). Carter (1963) has recently correlated his faunal 
units with the Balcombian and Batesfordian type sections. But since F. A. Singleton’s 
determination, no further macrofaunal evidence from the area has been published. 
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as defined by Carter (1959), i.e. the Longfordian stage is apparently represented by 
the Maude Basalt and the erosion surface at the base of the Upper Maude Limestone. 

In the Batesford quarry, Carter (1963) has recognized Faunal Unit 8 (Long¬ 
fordian) from the quarry floor and well above the basal portion of the limestone. 
Faunal Units 6 and 7 may be present below the quarry floor. 

It is concluded therefore that the floor of the present quarry is approximately 
equivalent to the erosional break at the top of the Maude Basalt and the base of the 
Upper Maude Limestone and that, while non-deposition and erosion were occurring 
at Maude, continuous deposition occurred at Batesford. 

PHASE OF MAXIMUM TRANSGRESSION AND DEEPER WATER 
SEDIMENTS 

The principal period of maximum transgression is represented by a facies change 
at the top of the Upper Maude and Batesford limestones. This is predominantly a 
lithological change from limestone to clay with associated faunal changes from clear 
to muddy water forms. At Batesford a change from an oxidizing to a reducing en¬ 
vironment is indicated by the appearance of pyritic clays. During this period the Dog 
Rocks, which had been only partly submerged in Batesfordian time, was now com¬ 
pletely covered by the deeper water, and granitic detritus ceased to be an important 
factor in the supply of detritus to the adjacent environments. 

A difficulty arises in the new position of shoreline near Maude. There is no evi¬ 
dence that even in this period, the shoreline extended much further inland onto 
Ordovician slates N. of Maude than it did during the shallow water deposition of 
the underlying limestones. In all probability it must have transgressed for at least a 
short distance N. of the Lower Maude Formation and Upper Maude Limestone 
limits, but no evidence of this now remains. 

The mechanism postulated to explain deepening is a continuation of the earlier 
movements which controlled the shoreline near Maude in Janjukian and Batesfordian 
time, i.e. a continuation of movement along a warp running E.-W. N. of the Maude 
school. This warp appears to have been active from pre-Janjukian to Recent time 
for it still exerts a strong control on the geomorphology of the area. 

If the predominant movement in Batesfordian-Balcombian time is thought of as 
a downwarp of the basin along the margin, rather than upwarp to the N., then this 
accounts for continued deepening without significant onlap, and without an influx 
of coarse detritus from the N. This mechanism is illustrated diagrammaticallv in 
Fig. 17. 

The change in the levels of Ordovician basement from Bannockburn, where it is 
recorded in a Mines Dept bore at approximately 40<y below sea level, to N. of 
Steiglitz where it forms a plateau at an elevation of 1,200', represents a change in 
level of 1,600' over a distance of less than 12 m. While some of this may be due to 
pre-Tertiary erosion, the greater part is certainly due to tectonic movements in 
Tertiary and post-Tertiary time. 

Post-Janjukian and pre-Pliocene sediments (limestone, marl and clay) contain 
relatively small amounts of coarse detrital material suggesting low relief on the 
Ordovician plateau to the N., and little relative upwarp of this area. The predomi¬ 
nance of clays to the top of the sequence suggests that elluviation continued on land 
over a long period throughout the Miocene, probably as a result of low topographic 
relief and relatively deep weathering. Gravels and coarse quartz sands remained on 
the land surface until Upper Miocene and later tectonics initiated active erosion. The 
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gravels were then reworked and concentrated by the rejuvenated drainage system 
which carried large amounts of coarse material out to the basin. 

13ATESFORDIAN-BALCOMBIAN RELATIONSHIPS 

As indicated previously, the Batesford Limestone represents a typically trans¬ 
gressive facies overlapping onto Dog Rocks granite. Its formation boundaries are 
diachronous as illustrated in Fig. 13. To some extent therefore, the upper part of the 
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Fig. 17—Diagrammatic N.-S. cross-section to illustrate the movements postulated 
along E.-W. flexure between Maude and Steiglitz controlling the location of the 
Tertiary shoreline despite variations in depth of water. 

A. Early Tertiary movement is regarded as a slight downwarp of the basin 
allowing the shoreline to advance to N. of Maude and maintaining low topographic 

relief to the N. 

B. Slight regional uplift was probably associated with the extrusion of the Maude 
Basalt enabling it to be extruded under sub-aerial conditions S. to near Russell's 

Bridge. 

C. Slight downwarp of the basin (or eustatic rise in sea level) resulted in trans¬ 
gressive advance across the Maude Basalt depositing Upper Maude Limestone with 
later deposition of the deepcr-watcr clay facies, but there is no evidence of trans¬ 
gressive onlap beyond the position of the Lower Tertiary shoreline on to Palaeozoic 

bedrock. 

D. In Late Tertiary, regional upwarp of the area resulted in shallowing seas and 
gradual retreat. Drainage was rejuvenated on the land mass to the N. and abundant 

coarse to fine-grained sands were supplied to the environment. 
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Batesford Limestone and the lower part of the Fyansford Clay are lateral equivalents. 
This raises the difficulty of recognizing the Batesfordian stage in a non-calcareous 
or clay facies. The benthonic foraminifera used in the original definition of this stage 
(Singleton 1941) are subject to very strong facies control, as indicated by a marked 
variation in occurrence of Lepidocyclina at different locations on the same strati¬ 
graphic horizon. 

Its occurrence appears to be restricted to near-shore calcareous facies similar to 
that described from around the Dog Rocks. Its abundance decreases laterally away 
from the ancient shoreline in inverse proportion to the percentage clay in the sedi¬ 
ment. 

In a bore on the S. side of the Dog Rocks where the Batesfordian stage is rep¬ 
resented by a silt-clay facies, Lepidocyclina tests were rare in contrast to their abun¬ 
dance in the limestone in the upper part of the quarry. If the beds of Batesfordian 
age could be traced far enough to an entirely clay facies, Lepidocyclina would 
probably disappear altogether. 

The strong environmental control therefore limits its use as a zone fossil and 
other means must be used to differentiate the Batesfordian stage in an argillaceous 
facies where benthonic foraminifera may be absent. 

It is significant perhaps that all recorded occurrences of Lepidocyclina in Vic¬ 
toria (excluding remanie tests) have been in littoral or near-shore calcareous facies, 
e.g. Batesford, Maude, Keilor, Flinders, Muddy Cr., Aire R., and in Gippsland in 
the Glencoe Limestone and Wuk Wuk Marl. 

AGE OF THE FYANSFORD CLAY 

The clays in the type section of the Fyansford Clay have been correlated by 
Singleton (1941) with similar clays in the type section of the Balcombian at Balcombe 
Bay. More recently Carter (1963) has suggested new evidence for the age of these 
clays, determined from samples from Batesford quarry. 

Carter has correlated his Faunal Unit 10 which is represented at Balcombe Bay 
by 10' of clays and marls, with the Balcombian stage of Singleton. This unit is rep¬ 
resented by 30' of calcareous clay at Batesford above the highest occurrence of 
Lepidocyclina which continues for lCK into the clays. The entry of Orbulina universa 
(Faunal Unit 11) corresponds to the beginning of the Bairnsdalian stage as defined 
by Carter (1959). At Batesford quarry, this interpretation indicates 30' Balcombian 
as against 70' Bairnsdalian (Fig. 16). 

When the regional picture is considered in the light of this evidence several 
difficulties arise. 

From the Batesford quarry, a regional dip is known to continue in the clays and 
underlying limestone as far E. as Coghill’s at least. This has the effect of continuously 
bringing younger beds to the surface towards the E. Some 300' of clay is known to 
exist at Coghill’s compared to approx. 100' at the quarry. The upper exposed portion 
of the section at CoghiH’s is younger therefore than any part of the clays at the 
quarry. 

The section on Fyansford road appears to be at approximately the same strati¬ 
graphic horizon as that at Coghill’s. Measurement of dip between these sections is 
difficult and not very reliable but it is the author’s belief that portion of the Fyansford 
section passes under, and is older than, the uppermost exposed section at Coghill’s. 
In any case, the clays at Fyansford appear in a higher stratigraphic position than the 
clays immediately overlying the Batesford Limestone. This would mean that both 
Coghill’s and a large part, at least, of the Fyansford sequence would be Bairnsdalian 
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in the sense of Carter. This has been confirmed by the occurrence of Faunal Unit 11 
throughout the clay in the Fyansford road cutting (Carter pers. comm.). 

The clay at Coghill’s and Fyansford road (section 3 and 2) would be regarded 
therefore as Baimsdalian on microfaunas and Balcombian on the basis of macro¬ 
faunas. 

A macrofauna of Bairnsdalian age is known to exist in the sandy limestones and 
marls of North Shore, Corio Bay (O. P. Singleton pers. comm.). 

Even if the regional dip to the E. does not persist to Corio Bay, a considerable 
thickness of clay must still be accounted for between the Bairnsdalian sediments at 
North Shore and the base of the Bairnsdalian at Batesford as defined by Carter. 
Clays and marls are known to occur for 25O' above the disappearance of Lepidocyclina 
in a bore from near Coghill’s. 

If the Balcombian (Faunal Unit 10) is limited to the same thickness as at the 
Batesford quarry (Carter 1963), this would assign 220* to Bairnsdalian against 30' 
Balcombian at Coghill’s. It would appear therefore that nearly all the clays in the 
sequence would be Bairnsdalian in the sense of Carter, although some have been 
correlated with the type section of the Balcombian by F. A. Singleton. Some conflict 
between macrofaunal and microfaunal evidence therefore is apparent and only de¬ 
tailed palaeontology can resolve the problem. 

The Western Beach sequence occupies a stratigraphic position only slightly 
lower than the North Shore beds, and higher than at least the basal clays exposed in 
the Fyansford road cutting. Moreover, the Western Beach silty facies is intermediate 
in composition between the sandy limestone of North Shore and calcareous clays at 
Fyansford. 

Significant differences are apparent between the Western Beach and North Shore 
faunas, the former being closely related to the gasteropod fauna at Fyansford (as 
noted also by Mulder 1897). However, the stratigraphic interval separating the basal 
beds of the Western Beach section and the Hinnites limestone bed at North Shore 
is very small compared to the thickness of clay known to appear near Coghill’s in 
the W. 

The faunal differences are therefore to a large extent facies differences rather 
than age differences alone. 

At Coghill’s, sandy clays and marls occur with H innit es corioensis which is also 
recorded from a similar shallow water sequence at Clay Point (Hall and Pritchard 
1891). These outcrops are regarded therefore as approximate equivalents and suggest 
a correlation with the top of the Fyansford section. They may eventually prove to be 
younger than this, and perhaps should be correlated with sediments on Corio Bay. 

The writer’s interpretation of the stratigraphic relationships of clays in the various 
localities is presented diagrammatically in Fig. 18. This interpretation is arrived at 
from a consideration of regional structure and partly by correlating the sandy facies 
of the clays with the upper part of the sequence, a limited and local correlation which 
is thought to reflect slightly stronger currents and coarser detritus associated with 
the slow in-filling of the basin. 

VIADUCT SANDS 

The stratigraphic break which occurs at the base of the Viaduct Sands is thought 
to be diachronous, so that erosion commenced earlier in the near-shore areas than in 
off-shore regions. Thus the sands immediately overlying the disconformity may be 
expected to be older in the N. and progressively younger to the S. This is supported 
by the evidence available, and is illustrated in Fig. 15. 
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The very widespread continuity of this stratigraphic break in the region of the 
Upper Miocene is a feature of almost the entire Western Victorian sequence. A 
nodule bed with disconformity occurs at Beaumaris, the numerous localities in the 
Geelong area and as far W. as Muddy Cr. near Hamilton (Gill 1957) . The cause of 
this break may be due to either eustatic fall in late Tertiary sea level with consequent 
submarine erosion, or widespread epeirogenic uplift. 


DISCOVTORMITY 



Fig. 18—Illustration of tentative stratigraphic correlation of the various outcrops of 
Fyansford Clay near Geelong. This interpretetion is based on regional structure, 
facies variations in the clays and the presence of microfaunal units as shown. Those 
recorded at Batesford and Fyansford have been described by Carter (1963) whilst 
the author has observed Faunal Unit 9 at the base of the sequence at Coghill’s. 


The sands mark the final stage of deposition in a regressive sea. The lithological 
change from a predominantly clay lithology to a high percentage of coarse detrital 
quartz sands indicates a change in the strength of the depositional currents accom¬ 
panied by a change in grain size of the material supplied to the basin. 

The influx of coarse material is interpreted as being due to uplift and the initiation 
of more vigorous erosion in the Central Victorian region represented locally by uplift 
of the Ordovician plateau N. of Steiglitz. Activity along the E.-W. warp N. of Maude 
could have the double effect of producing the retreat of the sea from the basin and 
increasing the rate of supply of quartz sands which had remained on the peneplained 
land area during the prolonged elluviation in Lower and Middle Tertiary. 

The explanation of the occurrence of Werrikooian sediments at the Viaduct, 
and at that locality alone, cannot at present be provided. The evidence of lithologies, 
faunal content and secondary alteration, all suggest a considerable time gap (or dis¬ 
conformity) between these and sands of Kalimnan age at the same locality. This 
suggests a late minor incursion of the sea during Upper Pliocene or early Pleistocene. 
But there is a complete absence of similar sediments in any outcrop locality to link 
the Werrikooian at the Viaduct with other evidence of marine incursion. 



























Fig. 19—Detailed stratigraphic section and correlation chart showing location of 
samples mentioned in text with approximate levels measured by aneroid barometer 
and checked against known levels. For location of sections see geological map Fig. 1. 
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Conclusions and Palaeogeographic Summary 

From considerations of stratigraphy and depositional environments, the Tertiary 
sequence is seen to represent a complete cycle of marine deposition with major trans¬ 
gressive and regressive phases clearly represented. 

The discovery in recent years of marine Cretaceous sediments in bores in Western 
Victoria lends weight to the theory that a previous transgression commenced in 
pre-Tertiary time. In Janjukian time the sea advanced across the shelf from the SW 
reaching its most northerly limit at Maude with the deposition of the Lower Maude 
Formation. 

There then followed a long period of deposition through the Miocene with slow 
accumulation of shallow water limestone and clays at Maude and Geelong During 
this period, several regressive and transgressive phases have been recognized A 
minor regression occurred after the deposition of the Lower Maude Limestone cor¬ 
responding to the extrusion of the Maude Basalt. This was followed by minor trans¬ 
gression across the basalt surface, eroding it and disconformably depositing Upper 
Maude Limestone. Near Geelong this transgression is evident in the upper portion 
of the Batesford Limestone. v 

This period culminated in the development of deepest water in the basin in which 
the clay sequence of Fyansford and Maude was deposited. This is thought to have 
resulted from a down-warpmg along the margins of the basin, which resulted in 
relatively deep water but maintained low topographic relief throughout the area to 
the N., and prevented further transgressive on-lap. 

Deposition continued with gradual infilling of the basin and progressive 
coarsening in the sediments until late in the Miocene when the regressive phase com¬ 
menced probably due to widespread epeirogenic uplift. With shallowing of the sea 
large quantities of sediment were eroded and redeposited off-shore in deeper water’ 
This resulted in the excavation of phosphatic concretions and the accumulation of 
the nodule bed. 

Near shoreline at Shelford, the age of the disconformity appears to be nre- 
Cheltenhamian as at Beaumaris, while in the off-shore region at Geelong erosion 
appears to have been taking place during Cheltenhamian time as this is the only stage 
at present not recognized in the sequence. This suggests that uplift commenced in 
pre-Chcltenhamian time or Upper Miocene. 

This was followed by the deposition of widespread shallow water sands in the 
Pliocene. A minor marine incursion appears to have occurred in late Pliocene or 
early Pleistocene. 

The final retreat of the sea was followed soon after by the outpouring of the lavas 
of Newer Basalts which continued intermittently throughout the Pleistocene 

The principal stratigraphic units and their places in the cycle of deposition are 
summarized m Table 18. 1 
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Explanation of Plates 

Plate XV 

Fig. 1—Outcrop of Sutherland’s Creek Sands with a silicified basal conglomerate passing up 
to massive partly silicified sands which are laterally equivalent to calcareous sands and 
arenaceous limestone at Maude. 

Fig. 2—Cross-bedded impure Lower Maude Limestone resting on steeply dipping Ordovician 
slate with a high angular unconformity at Donaldson’s (section 14, Fig. 19). Lower 
Maude Sands and Gravels which separate limestone from Palaeozoic bedrock at the 
Maude school are absent having lensed out further N. 

Plate XVI 

Fig. 1—Upper Maude Limestone sample containing a shallow water fauna of large mollusca, 
including a volute and casts of Cerithium. This fauna is restricted to the basal parts of 
the limestone deposited on a rocky basaltic sea floor. With deposition of the limestone, 
this fauna gave way to sandy and muddy bottom forms in response to the changing 
environment. 

Fig. 2—Pillow lavas in the Maude Basalt in a road cutting at Russell’s Bridge. A zone of 
altered tachylite forms the white outline of each pillow with veins of secondary carbonate 
deposited in irregular joints. The matrix separating pillows is a structureless mass of 
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palagonitic material. Note the moulding of the upper pillow on right into the space 
between the other two. 


Plate XVII 

Fig. 1—Panorama of the limestone quarry of Australian Cement Ltd., Batesford, looking 
S. towards Geelong. The limestone face is 110' high to the first bench which corres¬ 
ponds to the transition between Batesford Limestone and Fyansford Clay. Bedding 
in weathered limestone on left shows a slight dip to the SE. towards the railway 
tunnel. The section shown in Fig. 12 was measured on the S. face to the right of the 
tunnel. Note the collapse structure on right shown in close-up in fig. 2. 

Fig. 2—Lens of clay in limestone on the S. face of the Batesford quarry. An original cave in the 
limestone has been infilled by slumping of clay and limestone from above. Clay has 
broken into and flowed through the cave before the final collapse which resulted in the 
warping visible in the overlying beds. 

Fig. 3—Photomicrograph of impure limestone from the lower part of the Batesford quarry. 
Well sorted skeletal fragments of polyzoa, foraminifera and coralline algae are mixed 
with clear medium-size subangular quartz grains. The limestone has been washed 
relatively free of clay-size particles during deposition and remains porous and friable. 
Crossed nicols x 25. 

Plate XVIII 

Fig. 1—Photomicrograph of Upper Maude Limestone from a crevasse in Maude Basalt (section 
13, Fig. 19). Skeletal fragments of polyzoa, an echinoid spine and pieces of Litho- 
thamnxon (opaque with faint structures on right top and bottom) occur in a dense 
microcrystallinc matrix of clay and lime-mud. Two cavities have been partially infilled 
by a sub-opaque mixture of clay and lime-mud. The upper part of the cavities has been 
later reduced by the crystallization of clear secondary calcite crystals growing inwards 
from cavity walls. Plane polarized light x 20. 

Fig. 2—Photomicrograph of Upper Maude Limestone from near Maude school showing a cross- 
section of Lepidocyclina mixed with coarse poorly sorted Lithothamnion fragments in 
a reddish-brown microcrystalline matrix of calcite and clay. Plane polarized light x 25 

Fig. 3—Castof Lepidocyclina test in a large phosphatic nodule found on the N. bank of Suther¬ 
land’s Cr. All calcite lias been replaced by phosphate in the matrix of the original 
sediment. The high percentage of fine angular quartz (average diameter approx. 0 06 
mm) suggests that the original lithology was probably a silty-marl. Plane polarized 
light x 35. 

Fig. 4—Quartz grains from the Sutherland's Creek Sands showing very good sorting, high 
sphericity and roundness. They probably represent a beach deposit of Janjukian age 
preserved beneath the flow of Maude Basalt. Ordinary light x 5. 
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ON THE TECTONIC STRESSES IN THE VICINITY 
OF A VALLEY AND A MOUNTAIN RANGE 

By A. E. SCHEIDEGGER 

Professor of Petrophysics, University of Illinois, 

Urbana, Ill. U.S.A. 

[Communicated by Professor E. S. Hills] 

Abstract 

Certain results from the theory of elasticity have been applied to an estimate of the tectonic 
stresses in the vicinity of a valley or a mountain range. Assuming that one has a uniform 
unidirectional tectonic stress state at infinity, it is shown that in a valley as well as in a 
mountain range, stress reversals must be expected. In a valley, these reversals occur on the 
shoulders, in a mountain range, at the crest Assuming that a mountain range is built up 
through the action of congressional forces, the crest may be under tension and it is possible 
that the rift observed at the top of the Mid-Atlantic Ridge could be referring to such a stress 
state so that it may not be necessary to postulate an expanding Earth as has been proposed. 
Similarly, a valley cut into a compressional tectonic stress system (as would obtain in any 
mountain area) would tend to become unstable on the sides; this is precisely where serious 
landslides have been experienced. 


Introduction 

It is a well known fact that forces are present almost everywhere in the Earth’s 
crust. On the whole, the crustal stress state is fairly uniform in any one area, but 
changes from area to area. A fair amount of progress has been made recently in the 
determination of this ground stress (or tectonic stress) for various areas. In 
particular, Lensen (1958) has shown the way by which the tectonic stress system 
can be ascertained from the field observation of surface faults. 

On the theoretical side, it is of great importance to get an idea of how a given 
large-scale tectonic stress system is affected by surface irregularities such as mountain 
ranges, valleys and similar features (cf. Scheidegger 1961). In general, the mathe¬ 
matical calculation of the perturbation of a uniform (at infinity) stress state caused 
by the presence of surface features is a very difficult problem, so that one has to 
confine oneself to certain simple cases. Nevertheless, such simple cases may still 
represent quite reasonable models of certain natural features. 

In the present paper we shall apply some results of elasticity theory which have 
been obtained in the literature, to corresponding surface features of the Earth. This 
concerns the effect of a valley or mountain range on a uniform, unidimensional (at 
infinity) stress state—i.e., on a large-scale tectonic stress state which is either a 
pure tension or a pure compression. Some of the results obtained in this fashion are 
rather interesting, inasmuch as it is seen, for instance, that tensional forces must be 
expected to arise at the crest of a mountain range, even if the latter is located in an 
overall compressional stress system. It has been known for some time that such 
reversals occur in bent thin sheets but it is believed that here is the first time that 
this is pointed out for the stress state in a half-space. This tension may have a 
connection with the rift which was discovered at the crest of the Mid-Atlantic Ridge. 
Similarly, if a valley is cut into a region under compression, tensile stresses occur 
at the shoulder. This may cause land slides. 
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The elastic model 

For the present analysis we shall assume that the near-surface region of the 
Earth can be treated as an elastic body. Although it is clear that the face of the 
Earth indicates that many non-elastic deformations have occurred during its history, 
it is held that under static conditions, the equilibrium stresses can be calculated from 
elasticity theory. Furthermore, over the distances under consideration, it seems 
reasonable to neglect the Earth’s curvature. 

Thus, as a basic model of the Earth’s near-surface regions, we shall take an 
elastic half-space. On the surface of this half-space we shall then introduce irregu¬ 
larities. As noted in the introduction, it is extremely difficult to calculate the stresses 
for a general model of this type so we shall have to confine ourselves to the discussion 
of some simple cases. These cases refer to a semi-circular valley and a semi-circular 
mountain range in a unidimensional stress state. The geometry considered is there¬ 
fore as shown in Fig. 1 for a valley. For a mountain range, the semicircle is simply 
directed upwards. '1 he method by which such cases can be treated follows from the 
general principles of plane elasticity theory as they have been outlined, for instance, 
in the monograph by Green and Zerna (1954). It consists, in essence, in attempting 
to solve a bi-harmonic equation for the appropriate boundary condition. Problems of 
the type considered here have been solved by Maunsell (1936) and by Ling (1947 ) ; 
we shall apply the results obtained by these authors to the stresses in the Earth. 

Stresses near a valley 

We shall consider first the case of a semi-circular valley of radius a (Fig. 1). 
The calculations pertinent to this case have been made by Maunsell (1936). Assum¬ 
ing that the uniform tension at infinity be denoted by T, Maunsell calculated 
numerical tables of stresses (oyr = radial normal stress, a .. = azimuthal normal 

fra 



Fig- 1—Geometry of a semi-circular valley. 

stress) of the valley (in Maunsell’s paper, the calculations referred to notches in a 
plate), in a dependence of the distance a and aximuth 0 from the centre of the 
valley (cf. Fig. 1). Maunsell’s results for the present case are reproduced in 
Tables 1 and 2. The stress values in these Tables are in units of T. It is clear that 
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Table 1 

Stresses near a semi-circular valley in dependence of 
the azimuth (after Maunsell 1936 ) 


d 

°00 

5° 

-0*03 

10° 

-0 05 

15° 

+0 008 

20° 

+0-08 

30° 

+0-45 

40° 

+0-95 

50° 

+1-57 

60° 

+2-07 

70° 

+2-62 

80° 

+2-96 

90° 

+3-05 


Table 2 

Stresses near a semi-circular valley in dependence on the distance r 
(after Maunsell 1936) 


r/a 

Q 

O 

<a> 

II 

O 

0>r for 0 =■ 7r/s 

0 00 for 0 — 7t/ 2 

M 

-0 02 

+0*23 

+2*51 

1*25 

-0-03 

+0*37 

+2*00 

1*5 

+0-09 

+0*41 

+1*57 

1 75 

+0*23 

+0*39 

+1*36 

20 

+0-37 

+0-34 

+1*24 

30 

+0*68 

+0-20 

+108 

40 

+0*81 

+0*13 

+1*03 

5-0 

+0*88 

+0*09 

+1*02 

100 

+0*97 

+0*03 

+1*002 

100*0 

+0*9997 

+0 0003 

+1*000 


the calculations are independent of the sign of T ; i.e., the stresses calculated by 
Maunsell (in terms of units of T) are independent on whether the valley is cut 
into an intrinsically compressional or intrinsically tensional stress state. 

An inspection of MaunseH’s tables shows several important facts. First of all, 
there is a stress concentration at the bottom of the valley (0 = 90°) where c ee 
is roughly three times as large as the uniform stress at infinity. This is, in fact, to 
be expected as the same degree of a stress concentration occurs also on a circular 
hole in a plate. 

A second observation is that, at the shoulder of the valley, the stress has a 
reversed sign in comparison with the uniaxial stress at infinity. Thus, in a com¬ 
pressional stress state, a tensional stress occurs at the shoulder of a valley 

(# 10°,- = T25). This stress reversal may have a certain significance. In 

d 

mountainous areas with recent tectonic activity, the over-all stress state is gener¬ 
ally thought to be compressional, in line with the idea that mountain building is 
connected with some type of crustal shortening. During the last (Pleistocene) ice 
age, glaciers scoured U-shaped valleys out and, from the above analysis, one would 
expect that a tensional stress state would then be prevalent at the ‘limbs' of the U. 
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Rock has almost no tensional strength, and thus is would be the shoulders of a 
glacial valley where one would expect destruction to occur due to the presence of 
the over-all tectonic stress system. It may be of significance, in this connection, 
that commonly rock slides seem to originate high up in valleys; the Frank Slide of 
1903 near the Crowsnest Pass, Alberta, Canada, is an example of this. 

Stresses near a mountain range 

We now turn our attention to the stresses in the vicinity of a mountain-range. 
We assume again that the surface of the Earth can be treated as a semi-infinite 
elastic body, the mountain range being represented as a semi-circular mound at 
right angles to the unidirectional (at infinity) stress T. The calculations pertinent 
to this case have been reported by Ling (1947). It is clear that, at the coiners, great 
stress concentrations occur which are meaningless in nature, since a sharp corner 
of the type seen in our model will never develop. The stress concentrations will 
simply cause a destruction of the material. Under certain conditions this destruction 
can take on a startling appearance, as whole sheets of rock may be split off leaving 
smooth arches underneath. The theory of the origin of the arches in Yosemite Park 
outlined above, in essence, was originally proposed by Kieslinger (1958). The model, 
thus, is not a good approximation to the conditions obtaining at the point where a 
mountain levels off into a plain. . 

Thus, of interest are only the stresses that have been calculated for the summit of 
the mountain. Here again we see the interesting fact that a stress reversal occurs. 
The stress at the summit is a QB = — 0 096 T. 


RIFT 



Fig. 2—Cross-section of the Mid-Atlantic Ridge, showing a rift in the centre. 

After Elmendorf and Heezen (1957). 

This means that even in a compressional stress state, at the summit of a 
mountain range, the stress is tensional. This may be a significant observation. As 
is well known, it has been discovered that a great rift follows the crest of the 
Mid-Atlantic Ridge (Fig. 2). The existence of this rift has generally been taken as 
an indication that the Mid-Atlantic Ridge could not be caused by compressional 
forces like (presumably) mountain ranges on land, but rather that it is the outcome 
of continuous rifting (connected with an expansion of the Earth) and upwelling of 
magma. In the light of the above remarks, however, it would appear just as possible 
that the Mid-Atlantic Ridge is caused by a crustal shortening process after all. 
Naturally, whether tensile stresses do indeed occur at the crest of the Mid-Atlantic 
Ridge depends on the exact geometry of the latter. The results quoted above are only 
for a mountain range with a semi-circular profile. For an arch that is much flatter 
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than a semi-circle, no tensile stresses could arise in a compressional stress system. The 
possible occurrence of tensile stresses at the top of a ridge in a compressional stress 
system is therefore pointed out here only as something that one ought to keep in 
mind at all times, not as a final explanation of the Mid-Atlantic Rift. 
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PETROLOGICAL AND THERMO-MAGNETIC OBSERVATIONS 
IN CAINOZOIC BASALTS FROM DROUIN-SOUTH 
VICTORIA, AUSTRALIA 

By W. G. Mum me 
[Communicated by Edmund D. Gill] 

Abstract 

Petrological and thermomagnetic studies of samples of Older Cainozoic Volcanics taken 
from a quarry at Droiim-South suggest the presence of two groups of basic igneous rock. One, 
possibly a basalt flow, may have suffered post-formational reheating through the intrusion of a 
large olivine-nephelinite plug. 

Introduction 

In order to investigate more fully the mixed polarity of magnetization reported 
by Green and Irving (1958) at certain localities in the Newer and Older Cainozoic 
Volcanics of Victoria, the writer sampled in some considerable detail a quarry at 
Drouin-South. Samples were collected around the base of each of the two quarry 
faces present, and also from the base to top of each of the two faces. 

The results of the investigation of the stability of magnetization of the rocks 
obtained from this quarry have been reported elsewhere by Mumme (1962), but 
during this investigation it was necessary to make thin sections and polished sections 
of many of the samples collected, and this paper reports some results of observations 
made in the examination of these thin and polished sections. 

The Geology of the Quarry at Drouin-South 

The quarry at Drouin-South has already been described by Mahony (1931). He 
describes the quarry to consist of an olivine-nephelinite rock, and to be worked on 
the W. slope of a small hill which rises to about 700 ft above sea level. Several 
bores were put down to test the area of solid rock and, according to report, it is a 
volcanic plug. The surrounding soil is typically volcanic, but it contains fragments 
of indurated slate and sandstone which are probably ejected blocks. 

The face of the quarry, as it was when Mahony reported on it, exposed about 40 
ft of solid rock with no signs of successive flows. ‘In some parts a rough columnar 
structure is developed. The rock is dense and free from vesicles but contains 
occasional patches of solid white zeolites which were probably the final minerals to 
consolidate from the magma.’ 

Under the microscope, Mahony describes the rock as holocrystalline and 
panidiomorphic. It consists of nepheline, augite, olivine, iron ore, and apatite. 
Felspar is absent. 

Observations from the Present Investigation 

The quarry now has two benches and so two faces are exposed for sampling. As 
already stated, during the investigation of the stability of the magnetization of 
these rocks, the writer cut thin sections and made polished sections of many of the 
samples collected from the quarry in order to examine the grain size and com¬ 
position of the iron minerals present. 

Examination of these sections allowed the division of the rocks into two groups. 
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(1) The Lower Quarry Group 

These were samples collected around the base and up the face of the lower 
quarry. All of these thin sections were very similar to each other and were dis¬ 
tinctive in that they contained nepheline. The main minerals present were: augite; 
nepheline; olivine, rimmed with iddingsite; iron ore. 

As already mentioned, these rocks are part of a plug of olivine-nephelinite rock. 

(2) The Upper Quarry Group 

These were slides of samples collected at or above the base of the upper bench, 
and these thin sections were also very similar to each other. They were different in 
appearance from the lower quarry group, for they were much finer grained. The 
main minerals present were: augite; olivine, mostly altered to iddingsite; felspar, 
probably plagioclase; iron ore. 

The felspar of the upper quarry group was completely different in appearance 
from the nepheline contained in the lower quarry group, and it was biaxial 
(positive) in any case. Albite twinning could also be seen in places throughout the 
thin sections. 

The examination of these thin sections suggested that it was very likely that the 
two sets of slides represented two different groups of rocks, not only because of 
the absence of the rather distinctive mineral nepheline, but also because of the 
fine grained nature of the upper quarry group. 

It was not obvious, however, whether the upper quarry group might be a basalt 
flow which was intruded by the lower quarry group, the olivine-nephelinite plug, or 
whether it came at a later date after the formation of the plug. 

Thermal Demagnetization Experiments 

In the course of the investigation of the stability of the magnetization of these 
rocks, thermal demagnetization experiments, in zero magnetic field, were carried 
out on them. Fig. 1 shows typical thermal demagnetization curves from specimens 
taken from the upper quarry group, while Fig. 2 shows similar curves for specimens 
taken from the lower quarry group. 

It is seen from these results that while the lower quarry group contain magnetic 
minerals which are single phased, the results of the thermal demagnetization 
experiments on the upper quarry group suggest they contain multiphase magnetic 
systems. 

An examination of polished sections of specimens taken from the upper quarry 
group showed that, rather than exsolution phenomena being the cause of the 
thermal demagnetization curves which indicated multiphase magnetic systems, this 
was caused through the rocks containing whole grains of differing composition. In 
the case of specimen 2/45, the thermal demagnetization curve of which is given in 
Fig. 1, grains of a mineral with the appearance of magnetite were observed, to¬ 
gether with other grains, which had the brownish appearance in reflected light more 
characteristic of a titanomagnetite. These are the low and high Curie point com¬ 
ponents, the presence of which is indicated by the thermal demagnetization curve. 

These results are similar to those of Akimoto and Katsura (1958) who found 
that the titanomagnetites in an olivine-basalt, a dacite and rhyolite consist of 
several kinds of grains of differing chemical composition. They observed that the 
chemical composition of these grains selectively separated from the rock, change 
continuously along the reduction-oxidation lines of the FeO - Fe 2 03 - TiO a ternary 
system. 
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Fig. 1—Typical thermal demagnetization curves for specimens taken from the upper quarry. 
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Fig. 2—Typical thermal demagnetization curves for specimens taken from the lower quarry. 
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The writer has not made observations on the chemical composition of the 
different grains in these basalts from Drouin-South, but believes that the results of 
these thermal demagnetization experiments, viewed in the light of previous observa¬ 
tions of Akimoto and Katsura and Yoshida (1957) on the oxidation of synthesized 
titanomagnetites, could perhaps suggest that the upper quarry group, probably a 
basalt flow, has suffered reheating and oxidation of its iron minerals by the intrusion 
of the olivine-nephelinite plug at some later date after its formation. 

Conclusions 

The results of a petrological examination of specimens from the quarry at 
Drouin-South, together with thermal demagnetization experiments on specimens 
from the rocks, suggest strongly that at this particular quarry there are two different 
types of basic igneous rock. One, probably a basalt flow, may have suffered reheating 
by an olivine-nephelinite plug which comprises the main portion of the quarry. 

Acknowledgement 

This work was carried out while the writer was in receipt of a G.M.H. Research 
Fellowship. 

References 

Akimoto, S., and Katsura, T., 1952. Magneto-chemical study of the generalized titanomag¬ 
netites in volcanic rocks. Journal of Geomag. and Geoelect. 10: 69. 

Akimoto, S., Katsura, T., and Yoshida, M., 1957. Magnetic properties of Ti Fe 2 0 4 — Fe*0« 
system and their change with oxidation. Journal of Geomag. and Geoelect. 9: 165. 
Green, R-, and Irving, E., 1958. Palaeomagnetism of the Cainozoic basalts from Australia. 
Proc. Roy. Soc. Viet. 70: (1). 

Mahony, D. J., 1931. Alkaline Tertiary rocks near Trentham and at Drouin, Victoria. Proc. 
Roy. Soc. Viet. 43(2): 123. 

Mumme, W. G., 1962. A note on the mixed polarity of magnetization in Cainozoic basalts in 
Victoria, Australia. Geophysical Journal 6(4) : 546. 










10 


VICTORIAN SPECIES OF GLEICHENIA SMITH 
(SUB-GENUS MERTEN SI A) 

By Stella L. Thrower 
Botany Department, University of Melbourne 
[Communicated by L. B. Thrower, MSc] 

Abstract 

An account is given of the 3 Victorian species of Gleichenia (sub-genus Mertensia). For 
one of these species, Sticherus lobatus Wakefield, a new combination is necessary; it is here 
transferred to Gleichenia as G. lobata (Wakefield) Thrower comb. nov. 

A description of the general morphology and spore morphology of each species is given. 
Chromosome counts for Gleichenia flabellata (n = 34), Gleichenia tenera (n = 68) and 
Gleichenia lobata (n = 34) have been made. 

Introduction 

The family Gleicheniaceae is represented in Victoria by 5 species. Two of these 
show the very small pinnules and bipinnatifid division of the ultimate branches 
which puts them into the sub-genus Gleichenia of Gleichenia. The other 3 species 
show the characters (larger pinnules and pinnate division of the ultimate branches) 
of the sub-genus Mertensia. The definitions adopted herein of the genus Gleichenia 
and its sub-genera are those given by Holttum (1957a, 1957b, 1959) in his mono¬ 
graph of the family Gleicheniaceae. Some other recent authors have used the generic 
name Sticherus Presl. for the species included in Gleichenia sub-genus Mertensia by 
Holttum. 

Of the 3 species dealt with in this paper, Gleichenia flabellata R.Br. has been 
described a number of times since Robert Brown’s first description in 1810. It has 
been excellently figured in Hooker’s Filices Exoticae (1859) and there is little 
difficulty in recognizing the fern as one sees it in the field or herbarium. This fern, 
however, is of rare occurrence in Victoria (2 records only) and the common Vic¬ 
torian species Gleichenia tenera R.Br. has frequently been mistakenly recorded and 
described as G. flabellata R.Br. (eg. Ewart 1930). A third species, Sticherus lobatus 
Wakefield, was described in 1943 by Wakefield. This species was earlier confused 
with yet another ( Gleichenia laevigata (Wild.) Hk.) which does not occur in 
Victoria. 

The 3 species appear in J. H. Willis’s A Handbook to Plants in Victoria p. 12-13 
(1962) under the generic name of Sticherus. 

The opportunity has been taken to give full descriptions of these 3 species as they 
are found in Victoria, as well as details and illustrations of spores and chromosomes. 

Methods and Materials 

The material on which these descriptions are based is from the following 
sources: dried specimens from the National Herbarium, Melbourne; from the her¬ 
barium of the University of Melbourne Botany Department; from private herbaria; 
and living material grown in the greenhouse at the University Botany Department. 
Wherever measurements have been given in the descriptions, the first figure refers 
to the calculated mean values and the following figures in brackets refer to the 
actual range of measurements. It should be stressed that in each case approximately 
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30 specimens provided material for these measurements and, with a greater sample 
of the species population, the range without doubt would be markedly increased. The 
figures are given, however, because it is felt that some indication of mean size and 
range of variation is useful despite the fact that it may not cover the full amplitude of 
individual variation within the species. This proviso also applies to the figures given 
in Table 1, which summarizes the distinguishing macroscopic features of the 3 
species. These features apply to well developed fronds; fronds from young plants 
are smaller, less branched and do not show, for example, lobing of the pinnules. 

The characters of Gleichenia tenera especially show marked variation. It is thus 
necessary to consider the sum of its characters when attempting to identify a 
specimen, rather than concentrating on a single, often inconclusive feature. Whilst 
Gleichenia flabellata and Gleichenia lobata are generally readily recognized, the 
same cannot be said of G. tenera ; indeed it is almost diagnostic of this species that 
it should be difficult to be certain of its identification. 

Mature plants used for chromosome counts were grown in the greenhouse from 
young plants collected in the field. For each count sporangia from one plant were 
used. 

Chromosome counts were made on material preserved in acetic acid-alcohol and 
stained with aceto-carmine using a squash technique devised by Dr M. B. Blackwood 
(personal communication) of this Department. This technique is a modification of 
that given by Manton (1950). 

Mature spores were collected from a number of plants in the field. These were 
treated as described by Erdtman (1952). 

Table 1 

Summary of differences which are useful in distinguishing betiveen the 
3 Victorian species of Gleichenia, sub-genus Mertensia 



flabellata 

tenera 

lobata 

pinnule margin 

serrate 

slightly crenate 

entire 

approx, angle 
between pinnae and 
rachis on final 
branches 

45-65° 

55-70° 

80-90° 

position of 
longest pinnules 

on final branches 
of rachis 

on final branches 
of rachis 

on first and/or 
second branches 
of rachis 

presence of 
pinnules on first 
fork of rachis 

rare; if present, 
short 

usual, often on 
one side only of 
each rachis branch 

usual, generally 
on both sides of 
each rachis branch 

lobed or 

pinnatifid pinnules 

rarely if ever 
present 

often on first 
fork of rachis 

often on first 
fork of rachis 

approx, ratio of 
lengths of first, 
second and third 
forks of rachis 

1:2: 22 

1:2:7 

1:2:8 

approx, angle 
between rachis forks 

30° 

50° 

60° 
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Key to the 3 Victorian species of Gleichenia sub-genus Mertensia 

(1) Total length of the first two forks usually to 3 cm (rarely to 5 cm), making up i to 3 ^ of 
the total frond length; the first forking rarely with pinnules. G. flabellata 

(1) Total length of first two forks usually 3-10 cm, rarely less, making up £ to h of the total 

frond length; the first forking usually with pinnules. 2 

(2) Angle between pinnule and rachis usually 80-90°, longest pinnules often on first or second 

forkin gs. . lobata 

(2) Angle between pinnule and rachis usually less than 80°, longest pinnules usually on third 
(or final) forkings. . tenera 

Detailed Descriptions 

These 3 species of Gleichenia share a number of features, some of which are 
generic features and some are common specific features. 

As, on the one hand, this study does not encompass all members of the genus 
and, on the other hand, complete description of each species in turn would involve 
much repetition, the ensuing descriptions are arranged in the following manner: 

1. Description of the common features of the 3 species. 

2. Short descriptions of each species including only those features which are 
particular to that species. 

Description of Features Common to the 3 Species 

Rhizome: Dark brown, long branched, creeping on or near the surface of the 
ground, the tip growing out beyond the youngest frond. Dorsiventral, the under 
surface with roots, the upper surface with fronds. Frond bases alternate, separate 
and persistent. Rhizome scaly, particularly at growing tip and frond bases, scales 
deciduous on older parts. Scales of moderate size, dark brown, narrow, triangular, 
with fringed margins and prolonged apices; not clathrate. Attachment simple, tend¬ 
ing to peltate in large scales. 

Frond: Fanshaped in outline, spreading to upright in form, stipe erect, dark 
brown at base, grooved on the upper surface of dried specimens (the groove single), 
glabrous or sparsely scaly except for a basal tuft of scales like those on the rhizome. 
Lamina colour mid-green, the upper surface darker; texture firm; sterile and fertile 
fronds similar. 

Frond dissected, the divisions being pseudo-dichotomous (the rachis bifurcate 
with a bud at the angle). 

Forking repeated twice or thrice giving finally usually 8 spreading pinnae 
branches of second and later forkings with simple pinnules. 

Bud dormant or unrolling to give two or more tiers of laminae (up to 6 tiers in 
G. tenera). Each tier is an annual increment according to Bond and Barrett (1934). 

Rachis yellow-green, branches of the first fork often grooved on the upper sur¬ 
face (the groove single) ; scaly, especially at the angles and clothing the dormant 
bud. 

Upper surface of frond glabrous, except for long simple hairs occurring in the 
grooves between the raised upper surface of the rachis and the pinnules attached on 
each side of it; under surface with sparse hairs and scales. Hairs simple or grading 
into small fringed scales of the type found on the rhizome and dormant buds, but 
simpler. 

Ultimate Segment or Pinnule: Linear in outline, attachment to rachis 
usually alternate, occasionally opposite. Sessile, attached by whole, slightly 
broadened base. Apex acute. Venation open. 
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Sori : Sporangia aggregated into definite sori on the underside of the pinnules, 
usually nearer the rachis and absent from the pinnule tip. Also usually absent from 
the small upper pinnules. Sori in 2 rows along the pinnule, each sorus situated 
midway along the acroscopic arm of a forked vein. Each sorus of 3-5 sporangia 
grouped in a uniseriate ring around a small central receptacle. No indusium, recep¬ 
tacle usually with long, simple hairs. 

Sporangia: Yellow-brownish, stalk extremely short, sporangia almost sessile, 
annulus a complete ring of indurated cells with no specialized stomium, opening by 
a longitudinal split across the top. Proximal and distal faces unequally developed 
(distal face the smaller). 

Spores : Monolete, without perispore. 

Description of Features Particular to Each Species 

Gleichenia flabellata R.Br. 
syn. Sticherus flabellatus (R.Br.) St John 

Type: Robert Brown, Port Jackson, N.S.W. (BM, dupl. at K and MEL). 

Rhizome: Mean diameter *35 cm (*30-*45). Distance along the rhizome be¬ 
tween frond bases 0* 5-2*0 cm. 

Frond: Mean length (excluding stipe) 20 cm (10-30), mean width 30 cm 
( 14 _ 45 ). Stipe to 50 or more cm long with mean diameter 0 3 cm (0-1-0*4). Very 
dark brown at base, buff to yellow-green higher up, sparsely scaly. Upper surface 
of frond shiny, undersurface of frond variable—light green in Victorian specimens, 
distinctly glaucous in some Queensland and N.S.W. specimens. Texture thin but 
firm. Ratio of mean length of first, second and third forked branches 1:2: 22, sum 
of the lengths of the first two forks comprising 13% (7-22) of the total length of the 
frond. Angle between the two branches at a forking (either first, second or third) 
34° (20-45). First forking of the rachis rarely with pinnules, very short ones 
occasionally found. 

Ultimate Segment or Pinnule: Pinnules attached close together along the 
rachis on the upper parts of the frond with no space on the rachis between successive 
pinnule bases, on the lower parts more widely separated (3-5 mm apart). Seldom 
occurring on the first pair of branches of the rachis. Angle between the pinnule 
axis and the rachis 45-65°. The ratio of length to breadth in the longer pinnules up 
to 15 or 17:1, pinnules shorter near bifurcations of the rachis and toward the 
pinna tip, longest pinnules almost always midway along the branches of the third 
forking of the rachis. Margin entire near the rachis, becoming serrate about half 
way along its length. 

Spores: Size 25 X 48/x (23-28 X 40-51) surface smooth. 

Chromosome Number: n = 34. 

Distribution: Vic.: extreme E. only—Genoa, Howe Ranges; N.S.W.; Q.; 
New Caledonia; New Zealand; New Guinea. 

Gleichenia tenera R.Br. 
syn. Sticherus tenerus (R.Br.) Ching 

Type: Robert Brown, Table Mountain, Derwent, Tasmania (BM). 

Rhizome: Mean diameter 37 cm (-30--40). Distance along the rhizome be¬ 
tween frond bases 2 ■ 5-5*0 cm. 
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Fig. 1— Gleichenia {label! ata R.Br. (a) frond; (b) underside of fertile pinnule 
showing sori; (c) tip of pinnule showing serrate margin; (d, e, f, g) hairs and 
scales from the undersurface of pinna and pinnule axis, x40; (h) diagrammatic 
section of the rachis of an ultimate branch, xlOO; (i) hair from the upper surface of 
rachis in the groove between rachis and pinnule, x40. 
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Fig. 2 —Gleichenia tenera R.Br. (a) young frond; (b) first fork of the main rachis 
showing lobing of the lower pinnules [in this specimen these pinnules were not 
paired—pinnules were developed on the near side of the rachis until after the 2nd 
forking had occurred] ; (c) tip of pinnule showing margin which is entire to slightly 
undulate; (d) underside of fertile pinnule showing sori; (e) diagrammatic section 
of the rachis of an ultimate branch, x25; (f-k) hairs and scales, [(f) hair from 
upper surface of rachis, in the groove running between the rachis and pinnules. 
These long simple hairs appear to occur only in this position, (g, h, i) hairs from 
undersurface of pinnule costules. (j, k) scales from undersurface of rachis. Scale 

f-k x40.] 
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Frond: Mean length (excluding stipe) 21 cm (9-37), mean width 27 cm 
(16-44). Stipe glabrous, to 75 + cm long, mean diameter 27 cm ( • 10- 40). Dark 
brown at the base shading through buff to yellow-green in its upper parts. More 
or less circular in section in fresh material. Ratio of mean lengths of first, second, 
and third forked branches 1:2:8, sum of the lengths of the first two forks compris¬ 
ing 27% (19-44) of the total length of the frond. Angle between the two branches 
at a forking (either first, second or third) 51° (35-70). All forkings of the rachis 
with pinnules, on the first division often atypical in being unpaired, on the inner 
side of the rachis only; and lobed. 

Ultimate Segment or Pinnule: Attached close together along the rachis on 
the upper part of the frond with no space on the rachis between successive pinnule 
bases, on the lower parts more widely separated, (1-2 mm apart). Angle between 
the pinnule axis and the rachis 55-70°. Ratio of length to breadth in larger pinnules 
up to 8 or 10:1, pinnules shorter near the rachis bifurcations and toward the 
pinna tip, longest pinnules midway along the ultimate division of the rachis. 
Pinnule margin almost entire (the apical portion may be slightly serrate or crenate). 

Spores: Size 23 X 43/4 (20-30 X 40-51). Surface stippled, with many small 
irregularities; having the appearance of being finely pitted. 

Chromosome Number: n = 68. 

Distribution: Vic.: Wilson's Promontory, South Gippsland Highlands, Gram¬ 
pians, Mt Buffalo, Dandenong Ranges, Mt Blackwood, Glenelg River, Bogong 
High Plains; Tas.; N.S.W. 

Gleichenia lobata (N. A. Wakefield) Thrower comb. nov. 
syn. Sticherus lobatus N. A. Wakefield 

Type: N. A. Wakefield, Mt Drummer, E. Vic. s.n. 6/7/41 (MEL). 

Rhizome: Mean diameter 32 cm (*20-*45). Distance along the rhizome be¬ 
tween frond bases 0*5-4 0 cm. 

Frond: Mean length (excluding stipe) 21 cm (12-30), width 29 cm (17-65). 
Stipe glabrous, dark brown often throughout its length, sometimes lighter at the 
top. Mean diameter 0*25 cm (0*15-0*50) more or less circular in section in fresh 
material. Texture firm or slightly harsh. Ratio of mean lengths of first, second and 
third forked branches 1:2:7, sum of the lengths of the first two forks comprising 
30% (18-45) of the total length of the frond. Angle between the two branches at a 
forking (either first, second or third) 60° (30-100). All divisions of the rachis 
with pinnules, those on the first division on both sides of the rachis and often large, 
lobed or pinnatifid. 

Ultimate Segment or Pinnule: Successive pinnule bases joined for about 
1 mm depth to give deeply pinnatifid rather than pinnate division of the pinnae, 
except on first bifurcation of the rachis where first few pairs of pinnules often 
separated by 1 to several mm. Angle between the pinnule axis and the rachis 80-90°. 
Ratio of length to breadth in the longer pinnules up to 8 or 10:1, the longest 
pinnules frequently on branches of the first or second forkings of the rachis, 
pinnules shorter at rachis bifurcations and toward the pinna apex. Lengths of the 
inner and outer pinnules at the angles of the second and third rachis forks markedly 
unequal. Margins entire (sometimes slightly sinuate). 

Sori : Sorus usually 4-7 sporangia. If more than 4 the receptacle often with a 
basal uniseriate ring of sporangia surmounted by a single sporangium at the top. 
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Fig. 3 —Gleichenia lobata (Wakefield) comb. nov. (a) frond; (b) underside fertile 
pinnule showing sori; (c) underside pinnule tip showing entire to slightly sinuate 
margin; (d) hair from upper surface of junction between axis and pinnule blade; 
(e and f) hairs such as are found on the underside of the lamina of the pinnules 
and on the pinnule axis, x40; (f and h) hair and scale of type found on under-side 
of pinna axis (h is a small specimen), x40; (g) scale from axillary bud investment, 
c. x40; (i) diagrammatic section of the rachis of an ultimate branch, x40. 
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Spores: Size 20 X 38/* (18-30)-(35-49), surface stippled with many small 
irregularities, having the appearance of being finely pitted. 

Chromosome Number: n = 34. 

Distribution: Vic.: Mt Drummer, East Gippsland Ranges, Dandenong 
Ranges; Tas.; N.S.W.; Q. 

Discussion 

It has been shown that the species Gleichenia tenera, which was thought by 
Hooker (1860), Bentham (1873), and Bailey (1881) to be only a smaller variant 
of Gleichenia flabcllata, has a chromosome number n = 68, G. flabellata having the 
number n = 34. Recently Brownlie (1961) has published the chromosome number 
of New Zealand material of G. flabellata which agrees with the Victorian material 
in having the number n = 34. Gleichenia lobata has a chromosome number n = 34. 

1 here are a number of possibilities which may be considered in attempting to 
determine the origin of the tetraploid G. tenera. There may have been simple 
doubling of the chromosome complement of G. flabellata, G. lobata, or an unknown 
species of Gleichenia not now found in Victoria, in which case G. tenera would be 
an autopolyploid. Again, a hybrid may have formed between G. flabellata and G. 
lobata, or between one of these and an unknown species, and the chromosome 
number subsequently doubled giving rise to an allopolyploid. The available evidence 
suggests that this latter hypothesis is the more likely. If autoploidy has occurred, it 
is customary to find quadrivalents, trivalents and univalents as well as bivalents’at 
metaphase. PI. XIX shows that all the chromosome configurations of G. tenera are 
bivalents. This is an indication that the species is an amphidiploid of hybrid origin. 
Furthermore, the morphological variability exhibited by G. tenera is suggestive of 
hybrid origin. 

It has been observed with hybrid ferns that these often show a high percentage of 
shrivelled spores in the sporangium. This has not been observed for G. tenera, but 
would not be expected if the species is an amphidiploid. 

From PI. XIX it can be seen that the chromosomes of G. lobata and G. flabellata 
show a noticeable difference in size and in depth of staining. The chromosomes of 
G. tenera, while all showing good staining properties, show beside, a range of 
sizes which can be matched by chromosome sizes of G. flabellata and G. lobata. 
While without more intensive matching of the chromosomes in the diploid and 
tetraploid cells it is impossible to make a firm decision, it is possible to say, however, 
on the existing evidence, that G. tenera is probably of amphidiploid nature with a 
possibility of the parents being G. lobata and G. flabellata. 
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Explanation of Plate 

Plate XIX 

Fig. 1— Gleichenia flabellata chromosomes (n = 34) X c. 1300. 

Fig. 2— G . flabellata spore, equatorial view. X c. 1300. 

Fig. 3 — Gleichenia tenera chromosomes (n = 68) X c . 1300. 

Fig. A — G. tenera spore, equatorial view, X c. 1300. 

Fig. 5— Glenchenia lobata chromosomes (n = 34) X c. 1300. 

Fig. 6 — G. lobata spore, equatorial view, X c. 1300. 
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A REVIEW OF THE SEQUENCE OF BUCHIA SPECIES IN 
THE JURASSIC OF AUSTRALASIA 
By R. O. Brunnschweiler* 

Consulting Geologist, Colombo Plan 
* Rangoon 

The complete sequence of those species of the aviculo-pectinid genus Buchia 
Rouillier (= Aucella Keyserling) which occur in the late Jurassic of New Zealand 
has lately been described by Fleming and Rear (1960). Earlier, Fleming (1959) 
had taxinomically revised Buchia plicata (Zittel) and some of its allies. Among the 
latter he gave the first description (Fleming 1959, pp. 896-898) of B. aff. B. 
blanfordiana (Stoliczka) from the Jarlemai Siltstone in NW. Australia (Canning 
Basin) which I had some years ago (Brunnschweiler 1954) provisionally assigned 
to B. spitiensis (Holdhaus) and B. extensa (Holdhaus). 

After Fleming’s description one will certainly agree that the Jarlemai species 
belongs to the group of B. blanfordiana. Less likely, however, is the conspecifity of 
this blanfordiana- group, and of B. aff. B. blanfordiana (Fleming 1959) from the 
Jarlemai Siltstone in particular, with B. plicata as Fleming (1959, p. 896) suggests 
chiefly, I suspect, because he believed the two species to be coeval (Lower Tithonian 
—Brunnschweiler 1954). However, the presence of giant ammonites of the genus 
Perisphinctes s. str. has since proved that the Jarlemai Siltstone is much older, 
namely upper Oxfordian (Brunnschweiler 1960). 

Conspecifity of B. blanfordiana with B. plicata would therefore imply the exist¬ 
ence of a very long ranging species among the Australasian representatives of the 
genus, i.e. a species that would be useless as a zone fossil. However, as Fleming 
(1959, p. 896) points out, there are distinct enough differences between these forms. 
In view of the considerable age disparity these differences assume renewed signific¬ 
ance. It seems now noteworthy again that only Trechmann (1923) ever went so far 
as to claim New Zealand specimens to be B. blanfordiana proper; all other authors 
insisted that B. plicata possesses sufficient morphological peculiarities to be retained 
as a clearly separate species. Since the correct age of the Australian form has been 
revealed it is no longer surprising that in New Zealand only one of the two species, 
i.e. B. plicata, occurs. Evidently, B. blanfordiana is an Oxfordian species, and 
marine formations of Oxfordian age are believed to be absent from New Zealand 
(Fleming and Kear 1960). 

After these introductory remarks pertaining to Australian and New Zealand 
species it seems rather interesting to go farther afield and survey the situation in 
Australasia as a whole. Such a revision of the age and sequence of Buchia species 
between Himalaya and New Zealand would largely be dependent on the existence 
of reliable regional zoning by ammonites. Unfortunately, this is a somewhat weak 
point. It has been realized for some time that, for instance, the stratigraphy of the 
Himalayan Jurassic is in need of modern re-analysis. Under the prevailing circum¬ 
stances, however, there is little hope that such work (which must include careful 
re-sampling of famous type sections such as those in the Spiti Valley) can be 
carried out in the near future. 

The classical Himalayan faunas of the Upper Jurassic are thus likely to retain 
their sequential vagueness for some time to come and remain, except for broadly 
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generalized correlations, poor reference material. No wonder then that, in fact, cor¬ 
relation procedures have in recent years been reversed so that with the help of faunas 
from other Jurassic localities in S. Asia and Australasia corrections to the Himalayan 
sequence have boldly been attempted (Arkell 1957; Fleming and Kear 1960, pp. 32- 
33 and 36-37). Such attempts are certainly interesting and worthwhile even if the 
resulting amendments must remain tentative until they have been checked against 
the true stratigraphical record contained in the classical (although sequentially 
incomplete) Spiti Series, or then, failing that, against the record found in a newly 
discovered and less inaccessible locality in the Himalayan faunal region which will 
yield most or all of the genera and species known from the Spiti shales. 

At this stage the attempted corrections have affected only a small, although 
important section of the large Spiti faunas. Ammonite genera such as Kossmatia 
and Parabolic eras , for example, are now believed to have arisen as early as lower 
and middle Kimmeridgian times (Arkell 1957), whereas they were previously 
thought to be restricted to the Tithonian. At present the evidence for this radical 
change rests still entirely on the interpretation of the strongly folded Upper Jurassic 
sequence at Kawhia Harbour in New Zealand (Fleming and Kear 1960) ; an inter¬ 
pretation which, although reasonable enough, does not seem to be altogether unshak¬ 
able in view of the often very cautious wording of the relevant statements made by 
these New Zealand authors. Before the new dictum can be unreservedly accepted it 
seems advisable to see it further checked, if not against the currently inaccessible 
Spiti sequence, then against the well zoned and more complete Upper Jurassic series 
of Mexico (Burckhardt 1906, 1912, 1930) which is even richer in ammonites 
(including Kossmatia ). The sequence reported now from New Zealand is certainly 
at variance with that found in Mexico. It may also be recalled that Heim and 
Gansser (1939) who studied the Spiti shales in the Kumaon region, i.e. SE. along 
the strike from the Spiti area proper, came to the conclusion that their age is 
chiefly Portlandian and/or Tithonian, although basal beds of the ‘series' have in 
some places also yielded Oxfordian ammonites such as Mayaites, Ephnayaites , and 
Grayiceras. Since the Himalayan representatives of the genera Kossmatia and 
Paraboliceras are known to occur only in the upper levels of the Spiti shales the 
balance of the evidence still favours a post-Kimmeridgian age for them. In fact, 
there has never been direct evidence of Kimmeridgian in the Spiti shales. 

On reviewing all Buchia species recorded from Australasia, and paying particular 
attention to those among them which occur together with clearly age-determining 
ammonites, one arrives at the following conclusions and/or conjectures (see also 
Table 1) : 

(1) B. aff. B. blanfordiana (Stoliczke) from the Jarlemai Siltstone in NW. 
Australia (Fleming 1959) occurs together with Perisphinctes (? Perisphinctes) 
sp. aff. P. cautisignare Arkell (Brunnschweiler 1960). Its first appearance is there¬ 
fore in the upper Oxfordian. It may range into the Kimmeridgian but does not 
seem to be present in the possibly early Kimmeridgian *Buchia beds' ( subpallasi - 
subspitiensis group) encountered in the artesian bores at Broome and near Derby 
(Teichert 1940, 1942). 

(2) B. blanfordiana (Stoliczka) from the Spiti shales is said to have come from 
above the basal ‘belemnite beds’ of that series (Uhlig 1910). This would mean that 
it is a post-Oxfordian species. In fact, the exact provenance of this species is not 
known, and in view of its very close affinity to the form from NW. Australia it 
may yet well be an upper Oxfordian species. 
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(3) The exact stratigraphical position and sequence in the Spiti shales of 
B. spitiensis (Holdhaus) and similar forms such as B. extensa (Holdhaus), B. 
grandis (Holdhaus), and B. superba (Holdhaus) again are not known. Whether 
they are representatives of a single variable population as suggested by Holdhaus 
(1913) and Fleming (1959) remains questionable. In the light of paragraphs (1) 
and (2) above it may be significant that B. superba , as Fleming (1959) points out, 
is much more like B . blanfordiana than B. spitiensis. The fact that a collection, 
as in this case, was made at a single locality (Chidamu) does not preclude the 
possibility of fossils from several stratigraphical levels having been thrown into the 
same sample bag as ‘a population'. It is precisely that sort of thing which vexes 
discussions about the Spiti sequence in general. Under these circumstances there 
is a possibility that B. superba may be Oxfordian, the others Portlandian and/or 
Tithonian. 

(4) The East Indian species B. subspitiensis (Krumbeck) and B. subpallasi 
(Krumbeck) were believed to be of lower Oxfordian age from correlations based 
on belemnites belonging to the group of Belemnopsis gerardi Oppel. These correla¬ 
tions are acceptable only with reservations (Teichert 1940). The relationship of the 
beds containing Bttchia with those containing the ammonites Epimayaites (of Ox¬ 
fordian age) and Uhligites (Kimmeridge/Tithonian) mentioned by Bohm (1905, 
1907, 1910) is uncertain. It is, in fact, as Teichert (1940) showed, very likely that 
the ‘Aucellen-Sandstein’ of Misool, which is characterized by the siibspitiensis- 
subpallasi group, belongs with the Kimmeridgian, not the Oxfordian. 

It seems significant that in NW. Australia, which in this context surely belongs 
to the East Indian faunal province, the genus Buchia does not appear before the 
upper Oxfordian, although a richly fossiliferous sequence (Alexander Formation— 
Brunnschweiler 1954) of probably lower and middle Oxfordian age (not Kim- 
meridge to Tithonian as I thought in 1954) is present. 

(5) B. malayomaorica (Krumbeck) in the East Indies, and the identical or 
very closely related form in NW. Australia, are certainly younger than the sub- 
spitiensis-subpallasi group, however similar the latter may be to New Zealand’s 
B. plicata. This means, as was pointed out earlier (Brunnschweiler 1951), that 
B. malayomaorica in spite of its well developed radial shell ornament is not an 
‘archaic’ species of the genus as had been concluded, firstly, by analogy with the 
sequence of species in the boreal province and, secondly, from what appeared to be 
a confirmatory sequence in New Zealand. In fact, the latter species series only 
shows that the widespread B . malayomaorica (Kimmeridgian) precedes the local 
B. plicata (Tithonian). The series simulates that of the boreal regions because, in 
the absence of Oxfordian (Fleming and Kear 1960), the appearance of plicata -like 
lineages well before B. malayomaorica cannot be demonstrated in New Zealand. 

The range of B. malayomaorica still poses a problem. In the East Indies and in 
New Zealand it is clearly restricted to the Kimmeridgian; in Australia it has been 
found in a formation (Langey Beds—Brunnschweiler 1951, 1957, 1960) which 
contains Calpionella Lorenz and the ammonite Kossmatia cf. K. tenuistriata (Gray), 
both typically mid-upper Tithonian guide fossils. When considering this problem 
the following points must be kept in mind: 

(a) The infusorian Calpionella is not known to occur before the Tithonian. 

(b) In spite of the doubts expressed above it cannot be flatly denied that the 
genus Kossmatia could have originated already in the early Kimmeridgian 
in the New Zealand region and only later spread into other parts of the 
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Tethys. After all it is hardly likely that Arkell (1957) with his great 
knowledge and experience should have reclassified Kossmatia without 
reasonable evidence—even if this evidence was going to be presented in such 
guarded terms as in Fleming and Keary (1960). 

(c) Some species of Kossmatia , especially when the identification has to be 
made on fragmentary specimens, may be indistinguishable from a Kim- 
meridgian Idoceras of the humboldti-group, Compare e.g., Idoceras mimitum 
Dieterich in Ziegler (1959, PI. I, fig. 8) with the fragment of Kossmatia 
cf. K.tenuistriata in Brunnschweiler (1960, PI. I, fig. 4). 

(d) The Buchia species in the Langey Beds may not be the true Kimmeridgian 
B. malayomaorica but a new Tithonian homoeomorph, the distinguishing 
characters of which are not observable on the poorly preserved material 
available and figured in Brunnschweiler (1960). 

(e) In spite of phenotypic ‘overlaps' the evolutionary pattern of the genus 
Buchia in general does not show any truly long ranging species. It seems 
therefore not justified, at least not on the meagre evidence from Australia 
alone, that B. malayomaorica should be regarded as an exception to the 
rule. 

Until better preserved fossils from the Langey Beds become available it 
seems advisable to accept point (a) as the most decisive. It follows that there 
is no need to bother about (c), and that the identification of the Langey Bed's 
Kossmatia cf. K. tenuistriata (as confirmed by the late Dr W. J. Arkell) 
remains essentially correct. Consequently, keeping in mind (e), one may then 
accept point (d) and revise the identification of the Buchia from the Langey 
Beds (Brunnschweiler 1957, 1960) to read Buchia ? n. sp. aff. B. malayomaorica 
(Krumbeck). 

(6) The exact position of the post-Oxfordian B. misolica (Krumbeck) with 
regard to the East Indian occurrences of the ammonite Uhligites is not known. 
However, in New Zealand B. misolica has been found in the lower Tithonian 
together with Uhligites motutaraensis (Bohm), Aulacosphinctoides brownei (Mar¬ 
shall), A. marshalli Spath, A. sisyphi (Hector), and an as yet undescribed species 
of Kossmatia (Fleming and Kear 1960). 

(7) From the Tithonian of New Caledonia (La Foa Formation—Piroutet 
1917) there is a record of B. leguminosa (Sokolov), but its relationship to other 
Australasian forms has not yet been investigated. It belongs most likely to the 
p Heat a-group. 

(8) B. plicata (Zittel) and B. hochstetteri Fleming are so far known only from 
New Zealand where they occur in the lower Tithonian together with Aulacosphinc- 
toides brownei (Marshall), A. marshalli Spath, A . sisyphi (Hector), Uhligites 
motutaraensis (Bohm), etc. (Fleming and Kear 1960). 

Buchia is a characteristic and common fossil in the Australasian Upper Jurassic 
but it disappears from that region before the dawn of the Cretaceous. In the Boreal 
Province it persists into the late Neocomian. Thus the genus not only originated in 
the Boreal Province, but it also found its last refuge there. 

During the Aptian Aucellina Pompeckj appears which, in spite of its belonging 
to the same family and its great phenotypic similarity to Buchia, is a phylogenetically 
independent offshoot, probably (like Buchia itself) from Meleagrinella Whitfield 
(Brunnschweiler 1959). 

While it was unavoidable that several questions would remain unanswered the 
review nevertheless shows the main outlines of an overall sequence and pattern in 
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the evolution of Buchia in the Australasian Jurassic. It also illustrates the difficulties 
(in this case both with Buchia and Kossmatia) palaeontologists encounter when 
they have to base their dictum on species and species groups which, although 
characterizing stratigraphic levels millions of years apart, have so many features in 
common that they are almost impossible to separate unless very well preserved 
specimens are available for study. 
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THE SNOWY RIVER VOLCANICS 
WEST OF BUCHAN, VICTORIA 

By Kenneth Fletcher 
[Communicated by Dr J. A. Talent] 

Abstract 

The Snowy River Volcanics W. of Buchan fall naturally into two stratigraphic units. The 
lower unit, or Timbarra Formation, consists of conglomerate with interbedded finer grained 
sediments, tuffs, agglomerates and minor rhyodacites. It is faulted down on the W. against 
Ordovician sandstones and siltstones, and on the E. is faulted against a complex succession of 
rhyodacites, andesites, tuffs and minor intercalations of sediments considered, in aggregate, to 
he more or less equivalent to the Gelantipy Rhyodacite of the Deddick-Gelantipy district. 
Because of faulting the relationships between these two formations cannot be observed in the 
field, but there would seem to be at least 5,000 ft of Timbarra Formation and 10,000 ft of 
Gelantipy Rhyodacite. Separate member status has been accorded two other lithologic units, 
one in each formation. The Johnson Member of the Timbarra Formation is a succession of about 
300 ft of siltstones with two interbedded ignimbrite flows occurring about the middle of that 
formation. The Fairy Member of the Gelantipy Rhyodacite is about 100 ft thick and consists of 
tuffaceous siltstones, in part calcareous. The Gelantipy Rhyodacite is overlain with slight dis- 
conformity by the Buchan Caves Limestone. 

Introduction 

The Snowy River Volcanics are a complex sequence of Lower Devonian acid 
lavas, tuffaceous sediments and tuffs outcropping in a longitudinal belt between 
the N.S.W. border and Nowa Nowa in E. Victoria. They were first studied by 
A. W. Howitt (1876) who discussed their complexity and relationships with the 
Devonian limestones of Buchan and Murrindal. Since Howitt’s time, studies of the 
volcanics have been made in restricted areas to the S. of Buchan (Cochrane & 
Sampson 1950, Bell 1959), about Deddick and Wulgulmerang (Ringwood 1955), 
and at Bindi (Gaskin 1943). None of these studies has been concerned with the 
Buchan district where mapping of the limestones (Teichert & Talent 1958) has 
revealed normal contacts between the limestones and the volcanics, particularly 
along the Murrindal R. E. of Buchan and in the vicinity of the Caves Reserve to 
the W. of Buchan. These areas are clearly the most promising for study of the 
Snowy River Volcanics succession. The area chosen was bounded on the E. by the 
Caves Reserve, stretching westwards a distance of about 6 miles to the Timbarra 
R. It is a rugged area covered with heavy timber and scrub. 

The project was facilitated by many people. Mr W. A. J. Saunders of the 
Geology Department, Royal Melbourne Institute of Technology, suggested the 
work, and gave helpful advice and criticism during the preparation of this paper. 
Dr J. A. Talent, of the Geological Survey of Victoria, suggested the area and gave 
freely of his time in discussions, and arranged for draughting of the map by the 
Mines Department of Victoria. 

The following symbols are used: 

MDV—Geological Museum of the Mines Department of Victoria, collected by 
Dr Talent. 

RMIT—Geology Department of the Royal Melbourne Institute of Technology, 
collected by the author. 
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Ordovician 

Extensive outcrops of strongly folded, frequently near vertical, micaceous sand¬ 
stones, shales, siltstones and cherts, often intersected by quartz veinlets, occur in 
the W. of the area near the Timbarra R. There is invariably a faulted contact 
between these sediments and the Snowy River Volcanics in the mapped area. 
Although no fossils have been found in the area, the sediments are lithologically 
similar to graptolite bearing Upper Ordovican sediments occurring in a belt be¬ 
tween Mt Tara and Nowa Nowa (Cochrane & Sampson 1950). 

Lower Devonian 

The Snowy River Volcanics outcropping W. of Buchan are broadly divisible into 
two units; an older unit, the Timbarra Formation, in which volcanic rocks are not 
prevalent, and a younger unit, the Gelantipy Rhyodacite in which volcanic and 
pyroclastic rocks predominate. The relation between the two divisions is as yet 
unknown. 

In the area studied they are separated by the Yellow Water Holes Fault, which 
has an undetermined throw. 

Timbarra Formation 

This Formation is faulted at both base and top so its original thickness in this 
area cannot be assessed; it is possible a great portion of the formation is not exposed. 
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The base is faulted out against Ordovician sediments by the Timbarra Fault while 
the top is cut by the Yellow Water Holes Fault. Cross faults cause the width of 
outcrop to increase in the N. 
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Fig. 2— Stratigraphic column for the Snowy River 
Volcanics W. of Buchan. 


The Timbarra Formation is essentially conglomeratic, being pink-brown in 
colour and containing boulders to 3 ft in diameter. Finer grained sediments, tuffs 
and agglomerates, along with minor flows of rhyodacite occur interbedded with 
conglomerate in a cyclic arrangement. Along Mt Johnson Rd, for instance, the con¬ 
glomerate consists of angular pebbles of sandstone and shale of apparent Ordovician 
lithology along with rare pebbles of red granite. The matrix of this weathered con¬ 
glomerate is sandy and soft and the pebbles can be broken free by hand. In the 
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Timbarra R., near Wilkinson Cr., the conglomerate remains unleached and hard, 
forming rapids in the river. 

Approximately two-thirds of the way from the Timbarra R. to Mt Johnson a 
flow of volcanic rock about 20 ft thick outcrops. It is composed largely of angular 
rock chips up to 5 mm in length set in a matrix of rhyodacite. The chips are mainly 
fined grained and igneous, although some purple coloured altered sediments also 
occur. This flow must have been particularly viscous, because of the high proportion 
of rock chips. 

This rhyodacite is overlain by another 400-500 ft of conglomerate similar to that 
outcropping beneath the flow. This conglomerate is overlain in turn by a flow of 
rhyodacite about 30 ft thick. This particular rhyodacite is fairly coarse grained and 
moderately weathered, and seems to represent a break in conditions of sedimentation 
since the overlying sediments, here termed the Johnson Member, are fined grained 
and more or less well bedded, contrasting with the sediments beneath the rhyodacite. 



Johnson Member: 

The base of this member is composed of fine, cream to brown coloured sediments 
conformably overlying the above-mentioned rhyodacite and outcropping about 20 
chains W. of Mt Johnson (Fig. 3). Siltstones of this member have yielded a 
solitary fossil plant identified by Mr J. Douglas as a conifer precursor. 

Two flows of ignimbritdc rock occur interbedded with the siltstones. The lowest 
flow is 10 ft thick and separated from the main flow by 20 ft of siltstone. The latter 
flow is 55 ft thick and, being tough, is responsible for the strike ridge that includes 
Mt Johnson. 
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The Mt Johnson ignimbrite is composed of the following: free quartz as medium 
grained subhedral phenocrysts, corroded and cracked in part; felspar as medium 
grained subhedral phenocrysts, highly altered, apparently orthoclase but with some 
plagioclase; glass as medium to fine grained fragments, constituting the ground 
mass of the rock (in thin section the glass fragments appear to be roughly segre¬ 
gated according to particle size) ; rock chips of very fine grained igneous rock 
up to 2mm in diameter. These rock particles, which occur in all thin sections, 
are angular, commonly brown coloured and contain crystals of sanidine. Quartz 
phenocrysts range 5-12%, orthoclase 5-8%, plagioclase 2-3% and rock chips 
5-20% of the rock. 

Welding of grains is rare and there is no evidence of any form of crystallization 
after deposition. It therefore resembles the radial phase of Marshall (1935). This, 
according to Marshall, is indicative of a low temperature of extrusion. The tem¬ 
perature, however, was high enough to permit bending of still slightly plastic 
crystals and to cause some crystals to weld, but too low to cause extensive welding 
or to allow post-depositional crystallization. 

Ignimbrite, as originally defined by Marshall, is considered as being the product 
of the phenomena of incandescent tuff flow or nuee ardente where the magma is 
highly charged with dissolved gases and Toils over’ to flood the surrounding coun¬ 
try. A. Steiner (1960) has recently redefined ignimbrite and claims it to be the 
product of a lava which, because of its critical water content is highly fluid and has 
the inherent property of the groundmass unmixing to form two immiscible glasses. 
However that may be, the Mt Johnson rock conforms closely to descriptions of 
ignimbrite and is classified as an ignimbrite of rhyolite to dellenite composition. 
Owing to devitrification, one would not expect to test Steiner’s theories by these 
Devonian ignimbrites. 

After the second ignimbrite sheet was extruded, there was a reversion to de¬ 
position of conglomeratic sediments similar to those deposited prior to the Johnson 
Member. The top of this sheet is accordingly taken as the top of the Member. The 
overlying conglomerate is very similar to pre-Johnson Member rocks, although 
there are more finer grained tuffaceous sediments in this younger assemblage. 

Gelantipy Rhyodacite 

Rhyodacite of Gelantipy type (Ringwood 1955) outcrops S. from Gelantipy and 
occurs under the Buchan Caves Limestone at Buchan. Black Mountain and Deddick 
Rhyodacite types have not been noted in the Buchan area. It may be that the 
Timbarra Formation is a time rock equivalent of the Deddick and Black Mountain 
Rhyodacites or that Black Mountain and even Deddick Rhyodacites were extruded 
this far S.. but no longer outcrop owing to movement along the Yellow Water 
Holes Fault. 

The Gelantipy Rhyodacite is very complex in the Buchan district in that it 
consists of many minor flows which are of local nature and which are intersected by 
many small faults. Most of these flows are true rhyodacites though local flows of 
rhyolite and andesitic rock have been mapped, along with clastic and pyroclastic 
intercalations. It is proposed to discuss the rocks on a lithologic basis, grouping all 
rocks of similar type together, regardless of relative age. This system has been used 
on the map. 

Rhyodacite : 

This is the predominant volcanic rock type though there is wide variation in 
primary characteristics. Colour, due mainly to secondary alterations, varies from 
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dark blue through grey to salmon pink, pink being most common in the area. The 
rhyodacite is in general medium to coarse grained and porphyritic, although fine 
grained tuffaceous rhyodacite occurs near the South Buchan turnoff from the 
Gillingall Rd, and also 4 mile W. of South Buchan. The groundmass is invariably 
fine grained and glassy. 

MDV 7287, for instance, is a typical pink rhyodacite of Gelantipy type from 
just under the Buchan Caves Limestone. The phenocrysts are coarse grained and the 
groundmass is glassy. Approximately 15% of the section consists of subhedral to 
euhedral quartz, 30% felspar, predominantly plagioclase, and some highly altered 
ferro-magnesian mineral, possibly hypersthene. Magnetite is present as accessory: 
this mineral occurs in many sections but always in small amounts. Ilmenite occurs 
in small quantities in two sections—RMIT 2379 and 2380. Calcite is common 
throughout the suite, but more prevalent in the upper portions, possibly derived from 
leaching of the overlying limestone. MDV 7280 shows magnetite, apatite and ser¬ 
pentine associated as alteration products of an early formed ferro-magnesian mineral; 
this sort of thing is common in some of the younger flows. 

When rock chips of rhyodacite are present they are usually slightly more basic 
than the flow and such a rock mix is here referred to as basic rhyodacite. RMIT 
2473 from locality 14 is such a rock. In the hand specimen it is blue coloured, 
porphyritic, and tough; in thin section rhyodacite rock chips constitute an ap¬ 
preciable amount of the rock while the remainder is made up of quartz and plagio¬ 
clase phenocrysts in a glassy groundmass. Flow structure is shown well in this 
section. 

Another such occurrence of basic rhyodacite occurs just N. of the Cainozoic 
gravels 1^ miles S. of Buchan. At this locality the rock chips are of composition 
approximating andesite or dacite. The rock chips are fine grained and somewhat 
corroded in thin section RMIT 2395. The rhyodacite matrix is composed of medium 
grained quartz and felspar in a glassy groundmass. Flow structure is strong. 

The rock chips are a local phenomena so that all the known basic rhyodacites 
grade laterally into normal rhyodacite. 

There are two outcrops of a pink volcanic rock exhibiting a very strong flow 
structure emphasized by alternate hard and soft bands. In thin section RMIT 2439 
and 2469 from localities 31 and 37 respectively, the rock is seen to contain up to 
15% free quartz as fine to medium grained phenocrysts. The felspar is too fine 
grained and altered to afford reliable determination, but appears to be orthoclase. 
In lieu of a chemical analysis the rock has been classified as rhyolite on the basis of 
hand specimen appearance. 

Andesite : 

The only true andesite in this area outcrops near Yellow Water Holes Cr. just 
N. of the South Buchan enclave of Buchan Caves Limestone. The actual extent of 
this flow is not known as it is terminated by the N.-S. fault. It is hard medium 
grained dark coloured rock showing, in thin section (RMIT 2465), coarse grained 
phenocrysts of plagioclase up to 3 mm in length in a medium grained groundmass of 
andesine lathes. 

All other rocks mapped as andesite are more accurately described as being of 
andesitic affinities in that quartz is occasionally present in appreciable quantities. 
The variation is such that gradation from andesite to quartz andesite and dacite 
occur over yards and hence they have been mapped as one rock type. 

The ‘andesite’ underlying the Fairy Member is, in fact, a mixed igneous rock 
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composed of particles of rhyodacite in an andesite to quartz andesite groundmass. 
The particles of rhyodacite vary in size up to one or more centimeters across but are 
commonly of the order of 2 or 3 mm. They vary in composition so that in part they 
are less acid than the groundmass. Thin section RMIT 2387 shows free quartz to 
be more common in the groundmass than in the inclusions. Some apatite and 
magnetite also occur in the inclusions. Thin section RMIT 2371 is of the same 
flow, i mile N. along strike. The rock chips are partially assimilated and have 
euhedral felspar crystals (? sanidine). RMIT 2476 is typical of most of this flow. 
In it chips of acid rock are clearly set in an andesitic groundmass. 

Calcite is an important secondary mineral in all sections, making at least 20% 
in RMIT 2397. This secondary mineral may be due to leaching from the overlying 
carbonate rocks of the Fairy Member. This flow is responsible for the Spring Creek 
waterfall. 

Immediately underlying the Fairy Member at locality 26 is a minor flow of fine 
grained, dark coloured, andesitic rock. In thin section RMIT 2393 there are pheno- 
crysts of andesine in a groundmass including small crystals of plagioclase ( ? ande- 
sine), with a minor quantity of magnetite and apparent lack of ferro-magnesian 
mineral. 

Some dark blue, medium grained, highly weathered rocks to the NE. of the 
area have also been tentatively mapped as andesite, for instance, a typical specimen 
RMIT 2497 appears devoid of quartz and too basic to be grouped with the other 
rhyodacites of the area. 

Tuffs : 

Pyroclastic rocks are common throughout the area. They are invariably lensing 
and vary in thickness and attitude over short distances. Apart from the mapped 
occurrences there are numerous tuff bands less than 2 or 3 ft wide throughout the 
area. These are interbedded with more massive lavas and sometimes afford a means 
of elucidating structure, but are difficult to trace for any appreciable distance. 

The thicker deposits usually show evidence of water sorting, have rounded 
particles and sometimes have undoubted interbedded sediments. The tuffs are 
generally green in colour, fine to medium grained, and quite crumbly. There is up to 
10% of well rounded quartz particles in specimens at most localities, though some 
of the tuffs are devoid of quartz particles visible to the naked eye. Material showing 
more than 10% of quartz particles generally shows evidence of the activity of water 

For instance, RMIT 2422, a tuff from Davidson Lane, has highly'weathered 
felspar, but appears to lack free quartz; it has an approximate andesite composition. 
This tuff passes vertically into a fine grained, well bedded, slightly tuffaceous white 
quartzose sandstone (RMIT 2421) with angular quartz particles set in a fine 
grained tuffaceous groundmass. In this case the vertical change in composition is 
attributed to a change in the nature of tuff falling at this locality, but it is not al¬ 
ways clear whether the presence or absence of quartz is due solely to the com¬ 
position of the parent tuff and that there has been no water sorting. 

A similar intercalation of sediment in tuff to the one just described occurs just S. 
of the Mt Johnson Rd, near Yellow Water Holes Cr. It is common to find minor 
flows of rhyodacite a few feet thick within the tuffs. 

Fairy Member: 

The most important sedimentary sequence in the Gelantipy Rhyodacite is that 
already named the Fairy Formation by Talent (1958). The rank accorded this 
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stratigraphic unit depends on the rank given the associated sequence of volcanics, 
pyroclastics and sediments here regarded in aggregate as being in part at least 
equivalent to Ringwood’s Gelantipy Rhyodacite. A case can be made for a fourfold 
subdivision of the complex lying between the Timbarra Formation and the Buchan 
Caves Limestone, and if there were better outcrops at least this amount of sub¬ 
division would be desirable. However, in view of the complexity of this area the 
poor exposures and the (perhaps consequent) lack of continuity of units below the 
Fairy beds, Ringwood’s term Gelantipy Rhyodacite has been applied as a forma- 
tional name embracing the whole complex; the term Fairy Member has been 
retained for the important and distinctive sedimentary succession occurring rather 
high in the sequence. There is no surety, however, that any of the beds above and 
including the main Spring Cr. Falls andesite are equivalent to any part of the 
Gelantipy Rhyodacite in its type area. Clarification of relationships will only be 
possible after detailed mapping between Buchan and Gelantipy. 

The best development of the Fairy Member is in the section between Carson’s 
Cr. and the strong tributary of Fairy Cr. lying immediately S. of and parallel to 
Spring Cr. There appears to be perhaps 75 ft of section in Spring Cr. in the vicinity 
of the fossil locality F3, but only 40 ft at Carson’s Cr. In the upper part of Spring Cr. 
near the N. extremity of the mapped area there is another area of strikingly similar 
sediments exposed in a flat anticline. Though no fossils have been found there, their 
striking lithological similarity and stratigraphic position indicate they are almost 
certainly another belt of Fairy Member. They appear to be underlain along the 
axis of the anticline by andesitic rock and to be overlain (with an intervening belt of 
tuffs) by salmon rhyodacite identical with that separating the typical belt of Fairy 
Member from the Buchan Caves Limestone. There appears to be structural com¬ 
plication between this occurrence and the Buchan Caves Limestone about 2 miles 
to the E. 

There is considerable variation of the strata of the Fairy Member from tuff- 
aceous sandstones, breccias and siltstones to calcareous siltstones, clayey siltstones, 
to, on the S. side of Spring Cr. at fossil locality F3, impure limestone (Talent 1958, 
p. 45 for analysis). For instance, a breccia (RMIT 2394) contains 25% quartz, 
15% weathered felspar and 15% rock chips in tuffaceous matrix. A typical sedi¬ 
ment, such as MDV 7283, has poorly rounded grains of quartz and felspar in a 
matrix that includes tuffaceous material. Magnetite occurs in all sections available 
for study along with pyrite in one (MDV 7284). Some of the Fairy Member sedi¬ 
ments, other than those in the vicinity of the limestone in Spring Cr. mentioned 
above, contain sufficient calcium carbonate to effervesce faintly with acid. Discrete 
bands of calcite occur in the sediments in the upper part of Spring Cr. here thought 
to belong to the Fairy Member. 

Fossil locality F3 in Spring Cr. is a locality from which Dr Talent has collected a 
fauna including conchostracans, ostracods, gastropods, coprolites, fish teeth as well 
as some plant fragments. 

Middle Devonian 

Buchan Caves Limestone: 

The contact between the Snowy River Volcanics and the Buchan Caves Lime¬ 
stone appears to be one of conformity. However, the beds underlying the Snowy 
River Volcanics vary from locality to locality, so the basal carbonate sediments do 
not rest on rocks that are strictly contemporaneous. It seems there may have been a 
short time break between the last lava flows of the Snowy River Volcanics and the 
basal dolomitic sediments of the Buchan Caves Limestone. 
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I have concerned myself with the Buchan Group away from the boundary with 
the volcanics only in the South Buchan enclave. Here outcrops are poor. However, 
poorly bedded stylolitic limestones at F2 just N. of the basalt boundary on the South 
Buchan Rd yielded the following fossils, identified by Dr Talent: 

Spinella bnchanensis 

Breviphyllum recessum 

Loxonema ( ?) sp. 

Chonetes spooneri (?) 

Favosites sp. (?) bryani 

Bellerophon 

Patches of limestone in the N. part of the enclave (Teichert & Talent 1958) were 
examined for fossils and yielded: 

Spinella bnchanensis 

Small gastropods cf. Anematina or Loxonema 

Algal pisoliths 

Both faunas are characteristic of the middle part of the Buchan Caves Lime¬ 
stone. 

The most important outcrops in this enclave are in the vicinity of Martin 
Cameron's Quarry where highly coralline limestones occur. These may well be 
upper Buchan Caves Limestone roughly equivalent to the horizon at Heath’s 
Quarry. Otherwise, all known outcrops of Buchan Group sediments in the South 
Buchan enclave are definitely Buchan Caves Limestone. It seems best then to 
regard the enclave as belonging exclusively to this formation until Taravale sedi¬ 
ments are proved, or other conclusive evidence is forthcoming. 

Cainozoic 

Basalt : 

Basalt outcrops intermittently from South Buchan N. along the ridge followed 
by the Gillingall Rd, still showing clearly the course of an old stream valley into 
which basalt has spilled from extensive extrusions to the N. of Gillingall. Outcrops 
of basalt can be observed preserved in depressions, many feet lower in altitude than 
nearby Snowy River Volcanics, testifying to the youthfulness of the valley. For 
instance, just N. of the Mt Johnson turnoff from the Gillingall Rd, Tertiary basalt 
crops out in the road cutting 20 ft lower than Devonian rhyodacites less’than 2 
chains away. 

A recent cutting on the South Buchan Rd just N. of the main basalt remnant 
has exposed another outcrop of weathered basalt. The altitude of this small outcrop 
is at least 60 ft less than the lowest point on the main South Buchan remnant; its 
relationships to the surrounding gravels are not clear. It may be a remnant of an 
earlier pre-gravel flow or a dyke. 

The Gillingall-South Buchan basalt flow is petrologically somewhat variable, 
hut it is essentially an olivine basalt, serpentinized in part. A typical specimen from 
Davidson Lane (RMIT 2472) has the following micrometric analysis: 


Labradorite 

47% 

Augite 

36% 

Olivine 

6% 

Magnetite 

3% 

Secondaries 

8% 
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Cainozoic Sediments: 

The Snowy River Volcanics and the Buchan Caves Limestone are overlain in the 
S. by Cainozoic sediments which are poorly bedded, unconsolidated sands, silts and 
gravels. These have not been studied in the present investigation. 



Fig. A —The distribution of Tertiary rocks between 
South Buchan and Gillingall. Note the alignment of 
the basalt outliers indicating the course of the pre- 
basaltic valley. The heavy broken lines indicate roads. 

Structure 

Over most of the area the structure is simple with N.-S. strikes and easterly dips. 
In the N. of the area an anticline is well exposed in Spring Cr.; it is very flat with 
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dips in either direction less than 5°. Although this fold is cut off by an E.-W. cross 
fault, it is clearly the N. extension of an anticline located in the Snowy River Vol- 
canics in the S. between the main body of Buchan Group sediments to the E. and 
the basically synclinal South Buchan enclave of Buchan Caves Limestone to the W. 
Though this enclave has faulted boundaries it is synclinal and this structure is 
reflected in the adjacent Snowy River Volcanics, e.g., the Snowy River Volcanics 
inlier in Cainozoic gravels just W. of South Buchan is similar to rhyodacite occur¬ 
ring near the junction of the Gillingall and South Buchan roads; the tuffaceous 
sandstone immediately E. of the South Buchan basalt dips W., complementing E. 
dips of the Buchan Caves Limestone on the NW. side of the enclave. It is clear 
this synclinal structure continues northwards; it and the previously mentioned anti¬ 
cline are responsible for the width and monotony of the belt of rhyodacite between 
the Caves Reserve and Yellow Water Holes Cr. 

Faulting and shearing are common in the Snowy River Volcanics but owing 
to their complexity and the uniformity of rock type are difficult to map. Most of the 
faults are strike faults, probably associated with folding. Larger faults are easily 
located since they terminate rock units, but even these must be inferred to some 
extent. 

The lowest part of the Snowy River Volcanics in the area is faulted down against 
Ordovician sediments by the Timbarra Fault. The throw on the Timbarra Fault 
cannot be estimated. 

The Yellow Water Holes Fault is important, separating the Timbarra Forma¬ 
tion from the Gelantipy Rhyodacite. The E. block is down thrown and the nett slip 
cannot be determined. An interesting section of the fault zone is seen where it is 
crossed by the Davidson Lane. The zone is at least 50 ft wide at this locality and 
the rock is mashed and brecciated. The Yellow Water Holes Cr. runs along this 
fault zone from South Buchan to the Boggy Cr. junction, a distance of approxi¬ 
mately 8 miles. 
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Explanation of Plate 

Plate XX 

pjg. i—Basic rhyodacite in andesitic groundmass, RMIT 2387, X 30, uncrossed nicols. 

Fig. 2—Ignimbrite, RMIT 2436, X 60, crossed nicols. Note the bending of the crystal about 
the right corner of the rock fragment. 

Fig. 3—Andesite, RMIT 2465, X 60, crossed nicols. 

Fig. 4 — Reaction ring between rock chip and rhyodacite, RMIT 2335, natural size. Note also 
the bleached zone around this reaction ring. 
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THE TERTIARY ECHINOIDS OF SOUTH-EASTERN 
AUSTRALIA 

I Introduction and Cidaridae (I) 

By G. M. Philip 

Abstract 

A revision of the Tertiary echinoids of SE. Australia is introduced. The classification 
of the order Cidaroida is discussed, and some changes in existing classifications suggested. The 
problems and uncertainties of classifying fossil cidaroids are emphasized. The following 
Australian Tertiary cidarids are described and figured: Stylocidaris (?) scoparia (Chapman 
& Cudmore), 5* tylocidaris (?) sp. cf. 6". (?) scoparia (Chapman & Cudmore), Stylocidaris 
(?) chapmant sp. nov., Euctdaris strombilata jclli subsp. nov., Phyllacanthus duncani duncani 
Chapman & Cudmore, Phyllacanthus duncani gambiercnsis subsp. nov., Phyllacanthus clarkii 
clarkii (Chapman & Cudmore), Phyllacanthus clarkii impcnsus subsp. nov., Phyllacanthus 
serratus sp. nov. 


Introduction 

Marine strata ranging from Paleocene to Pliocene in age outcrop in various 
parts of Victoria, South Australia and Tasmania. Echinoids collected from these 
rocks are in general excellently preserved, and are particularly abundant in the 
middle part of the record. 

In the 19th century the peculiarities of the fauna and the unparalleled material 
excited the interest not only of Australia palaeontologists but also of such authorities 
as Laube, Duncan, Cotteau, Bittner and Gregory. Since then little has been written 
about these echinoids. The wealth of material now amassed in the collections of 
southern museums and universities makes the long overdue revision of the fauna a 
very extensive project. 

It is intended that this work shall be published in a series of papers. This, the 
first, gives a general introduction and the first part of the systematics dealing with 
the Cidaridae. 
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Explanatory Notes 

Material, Repositories, Types: 

This study is based largely on the collections of the National Museum of 
Victoria, particularly the collection of the late Mr F. A. Cudmore. Cudmore’s com¬ 
prehensive collection of Australian Tertiary fossils contains an unparalleled suite of 
echinoids. Supplementary collections of Victorian material have been obtained 
from: 

(a) general collections of the National Museum of Victoria; 

(b) Melbourne University Geology Department collections; 

(c) Geological Survey of Victoria Museum. 

Extensive collections of specimens from South Australian localities were ob¬ 
tained from: 

(a) Adelaide University Geology Department collections; 

(b) Mines Department of South Australia; 

(c) Mr R. L. Foster, of Unley, S.A. 

These different collections, together with specimens in other institutions in¬ 
cluding type specimens lodged in European museums, have necessitated the co¬ 
ordination of many thousands of specimens. Symbols for the catalogue numbers of 
the various repositories used throughout the text are: 

AUGD—Adelaide University Geology Department collection, Adelaide (Prefix 
‘T ’: Tate Collection). 

BM—British Museum (Natural History), London. 

CPC—Commonwealth Palaeontological Collection, Bureau of Mineral Re¬ 
sources, Canberra. 

GSV—Geological Survey of Victoria, Department of Mines, Melbourne. 
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MDSA — Mines Department of South Australia, Adelaide. 

MUGD — Melbourne University Geology Department Type and Figured Speci¬ 
men Collection, Melbourne. 

P — National Museum of Victoria, Melbourne. 

SM — Sedgwick Museum, Cambridge. 

VNM — Naturhistorisches Museum, Vienna. 

UNE—University of New England Geology Department Collection, Armidale 
N.S.W. 

Type specimens in the Cotteau Collection, ficole Nationale Superieure des Mines, 
Paris, bear no registration numbers. 

Some of the type specimens of the earlier species could not be located, and are 
apparently lost. These include the types of Spatangus Forbesii Woods 1862, 
Echinolampas Gambierensis Woods 1867, Hemiaster Archeri Woods 1867, Echino- 
lampas ovulmn Laube 1869, Hemipatagus Woodsi Etheridge 1875, and Micraster 
Etheridgei J ohnston 1877. The types of Coelopleurus paucituberculatus and Hemias¬ 
ter planedeclivis were stated by Gregory (1890) to be lodged in the Ipswich Mu¬ 
seum. Mortensen (1935, p. 608) records that he instituted an unsuccessful search 
for the type of Coelopleurus paucituberculatus. Mr H. E. P. Spencer, the present 
curator of the Ipswich Museum, kindly undertook a further unsuccessful search for 
the specimens. The most serious loss is the material described by Bittner (1892). 
Of these specimens, Dr F. Bachmayer, Director of the Naturhistorisches Museum, 
Vienna, writes (2. ii. 1960) — ‘Die Originate von Bittner befaden sich in der Geo- 
logischen Bundesanstalt in Wien, diirften aber durch die Kriegsereignisse (Bom- 
benschaden) zerstort worden sein. Eine Nachsuche blieb erfolglos.’ 

However, all but 2 of the above 16 forms can be satisfactorily interpreted from 
topotype material. 

Classification : 

The classification which will be used throughout is virtually that given in 
Mortensen’s (1928-1952) monograph. Some slight modifications will be suggested 
at the family level of classification. Of the many changes proposed by Durham and 
Melville (1957) in echinoid classification, one of their innovations is deemed de¬ 
sirable—namely the introduction of superorder names. This is the outcome of the 
need to unite under one head three great orders of the sub-class Regularia—Stiro- 
donta, Aulodonta and Camarodonta. H. L. Clark and other American authors have 
resolved this problem by according the groups the rank of suborders in the order 
Centrechinoida (as they were originally proposed by Jackson), but it seems desirable 
to recognize the categories as orders in harmony with Mortensen’s classification. 
The superorder Diadematacea may be employed, emended from the usage of Dur¬ 
ham and Melville (1957), to include the orders Stirodonta, Aulodonta and Camaro¬ 
donta as used by Mortensen. As the classification of echinoids will be discussed 
elsewhere, this is the only point which needs explanation here. 

Terminology: 

Echinoid terminology requires no explanation. Glossaries and definitions of des¬ 
criptive terms are given in various papers (e.g. Bather 1909, Jackson 1912, Grant 
and Hertlein 1938, Fell 1954, Cooke 1959) or textbooks (e.g. Morley Davies 1935). 
In the description of the regular echinoids the usual abbreviations h.d. (horizontal 
diameter) and v.d. (vertical diameter) are employed for the dimensions of the test. 
The nomenclature for the orientation of the test is that of Loven (1874). 
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Synonymies : 

The generic synonymies are abbreviated, as a full treatment of the older literature 
has been given by Mortensen (1928-1952). Some attempt is made to list the major 
contributions since Mortensen’s monograph. With the genera discussed the type 
species is named and the nature of its selection indicated. 

Full synonymies are given for the various species. Listed are all references which 
include either descriptions, figures, changes in nomenclature, or any new informa¬ 
tion appertaining to the species. Thus mere mentions in faunal lists have been 
omitted. However, although many of the references in H. L. Clark’s (1946) survey 
of Australian echinoderms amount to no more than a listing, because of the 
importance of Clark’s monograph these are all included in the present synonymies. 

For the sake of brevity titles of papers, etc. have been omitted from the synony¬ 
mies. 

Illustrations : 

The text-figures of echinoids for this study were prepared directly from speci¬ 
mens, either with the aid of a camera lucida or a binocular microscope with a 
graticuled eyepiece. 

In the photographic illustrations an attempt has been made to represent the 
variation of the various species, and also to document occurrences from widely 
separated localities. Because of the large number of figures, measurements have 
been kept to a minimum, except where they assist discrimination of forms. 

Historical Account 

The first record of the occurrence of Tertiary echinoids, indeed, of marine 
Tertiary invertebrates, in SE. Australia was by Captain Charles Sturt (1834) in 
the journal of his voyage of exploration down the Murray River. He listed and 
figured a suite of fossils collected from the cliffs along the Murray River. The 
echinoids included: 

Scutella sp. (= Monostychia australis Laube) 

Spatangus Hoffmanni Goldfuss 

(= Lovenia forbesii (Woods)) 

Echinus (= 'Psammechinus* woodsi Laube) 

Although Tertiary echinoids were mentioned in the earlier writings of Tenison 
Woods, it was not until 1862 that the first species was described, and then its pro¬ 
posal appears to have been unpremeditated. Woods published two figures of a 
spatangoid bearing the caption * Spatangus Forbesii , Mount Gambier’. The first of 
these is unrecognizable, while the second is a direct copy of Sturt’s (op. cit.) figure 
of his Spatangus Hoffmanni from the Murray Cliffs, published without acknow¬ 
ledgement. There is no indication that Woods considered his ' Spatangus Forbesii 
to be a new species, and, indeed, later articles published by Woods and McCoy 
would indicate that Woods had inadvertently published a museum manuscript name 
used by McCoy. Woods also gave figures of a form he identified as Echinolampas 
and indicated the occurrence of Cidaris and Cardiaster at Mt Gambier. 

In 1864, Duncan, in his first contribution on the Australian Tertiary echinoid 
fauna, redescribed Spatangus Forbesii Woods as ' Hemipatagus Forbesi (Woods 
and Duncan)’ and recorded the species Clypeastcr folium Agassiz ( = Monostychia 
australis Laube). In 1867, Tenison Woods described from Mt Gambier Echinolam¬ 
pas Gambierensis sp. nov., Hemipatagus Forbesi (accepting Duncan’s citation of 
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the species) and Hcmiaster Archeri sp. nov., the last being the form illustrated as 
Echinolampas in 1862. 

The first significant contribution to the description of the fauna was made by 
Laube (1869). From the Murray River Cliffs he described: 

Psammechinus Woodsi sp. nov. 

Paradoxechinus novas gen. et sp. nov. 

Monostychia australis sp. nov. 

Catapygus elegans sp. nov. 

Echinolampas ovulum sp. nov. 

Micraster brevistella sp. nov. 

Eupatagus Wrighii sp. nov. 

Eupatagus Miirrayensis sp. nov. 

Hemipatagus Forbesi (Woods). 

In 1875, Etheridge described the common spatangoid from Beaumaris, Vic¬ 
toria, as Hemipatagus Woodsi sp. nov., but this he abandoned subsequently (1878) 
as a variety of H. Forbesi, in deference to the views of Duncan. 

Duncan (1876) described a large number of species from many localities in 
Victoria and South Australia. As new, he proposed: 

Leiocidaris Australiae sp. nov. 

Temnechinus lineatus sp. nov. 

Arachnoides Loveni sp. nov. 

Arachnoides elongatus sp. nov. 

Rhynchopygus dysasteroides sp. nov. 

Echinobrissus Australiae sp. nov. 

Holaster Australiae sp. nov. 

Maretia anomala sp. nov. 

Eupatagus rotundas sp. nov. 

Eupatagus Laubei sp. nov. 

Megalaster compressa gen. et sp. nov. 

Lovenia Forbesi var. minor var. nov. 

and identified the following exotic species: 

Schizaster vcntricosus Gray 
Echinanthus testudinarius Gray 
Echinarachnus parma Gray 
Pygorhynchus Vassali Wright. 

Tate, in 1877, described the species Salenia tertiaria . In that year Johnston 
diagnosed Micraster Etheridgei from Tasmania. 

Etheridge (1878) gave a check list of described species and introduced the name 
Echinolarnpas australis, attributed to Tenison Woods, and seemingly a lapsus 
calami for E. gambierensis Woods. 

McCoy (1879, 1882), described and figured a number of forms. As new species 
he proposed: 

Clypeastcr gippslandicum 
Pericosmus gigas 
Pericosmus Nelsoni 
Lovenia Forbesi 
Pericosmus compressus. 

This last he thought might be conspecific with Duncan's Megalaster compressa. 

N 
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Pomel (1883) proposed the genera Corystus, based on Rhynchopygus dysas - 
teroides Duncan, and Pleurosalenia for Salenia tertiaria Tate. 

Tate (1885b) described Fibularia gregata sp. nov. and Linthia antiaustralis 
sp. nov. without, however, providing figures. 

Duncan, in 1887, gave an account of the composition of the Australian Tertiary 
echinoid fauna. He proposed the genus Ortholophus, based on Temnechinus lineatus, 
and a new variety, Clypeaster folium var. elongata. He also introduced the name 
Holaster difficilis to replace Rhynchopygus dysasteroides , as he had misinterpreted 
this species. 

Tate (1888) reviewed the generic composition of the Australian Tertiary 
echinoid fauna and published the manuscript generic name Murray echinus. This he 
later stated (1891, p. 274) was based on Coelopleurus paucituberculatus Gregory, 
1890. 

Duncan (1889) mentioned a number of the Australian species, and instituted one 
change. The subgenus Studeria was proposed for Catapygus elegans Laube. 

Gregory (1890) described and figured the following forms: 

Cassidulus longianus sp. nov. 

Echinolampas posterocrassus sp. nov. 

Car diaster tertiarius sp. nov. 

Coelopleurus paucituberculatus sp. nov. 

Hemiaster planedeclivis sp. nov. 

Also Gregory considered that Megalaster compressa Duncan and Pericosmus 
compressus McCoy were different species of Pericosmus , and proposed P. M’Coyi 
nom. nov. for McCoy’s species. However, the form he figured was not P. 
compressus McCoy. 

Cotteau (1890-1891) described the following species from Mt Gambier: 

Echinolampas Morgani sp. nov. 

Galeraster Australiae gen. et sp. nov. 

Cyclaster Morgani sp. nov. 

Gualtieria Australiae sp. nov. 

Scutellina Morgani sp. nov. 

Tate (1891) summarized the history of the description of the Tertiary echinoids 
and provided partial synonymies for most forms then described. He proposed the 
new species: 

Salenia globosa 

Scutellina patella 

Echinobrissus Vincentinus 

Cardiaster latecordatus 

Schizaster abductus 

Tate also noted that Gregory’s illustrated specimen of Pericosmus compressus Mc¬ 
Coy was not correctly identified, and proposed the name Eupatagus decipiens for it. 

Bittner (1892) described a large suite of Tertiary echinoids sent by Tate to 
Vienna on exchange. He proposed as new: 

?Psammechinas humilior sp. nov. 

Psamntechinus Woodsi var. fascigar var. nov. 

Coptechinus lineatus sp. nov. 

Copt echinus pulchellus sp. nov. 
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Fibularia gregata var. orbiculus var. nov. 

Fibularia Tatei sp. nov. 

Progonolampas Novae-Holandiae gen. et sp. nov. 

Cyclaster lycoperdon sp. nov. 

Australanthus gen. nov. (for Cassidulus longianus Gregory) 

Tristomanthus gen. nov. (for Catopygus elegans Laube). 

Tate (1892) strongly criticized Bittner’s ‘forcible efforts at species making’, and 
concluded that not one of the new forms described by Bittner was valid. (In fact, 
Bittner was maligned by Tate for the majority of his species were well founded.) 
In the same year Gregory described Cassidulus florescens sp. nov., and removed 
Tate’s Eupatagus decipiens to Macropneustes . 

Tate (1893) described 4 new species: 

Arachnoides incisa 
Conoclypeus rostratus 
Laganum platymodes 
Sismondia murravica. 

In 1896 Lambert proposed the genus Duncaniaster, based on Holaster australiae 
Duncan. 

Tate (1898) again reviewed the Australian Tertiary echinoid fauna, the only 
important changes being that he placed his Conoclypeus rostratus in the genus 
Pleisiolanipas, and gave Macropneustes decipiens (Tate) as a species of Meoma. 

Hall (1907) described the new species: 

Echmoneus dennanti 
Prejiasler aidingensis 
Brissopsis Tatei 
Schisaster sphenoides . 

Chapman (1908) illustrated a specimen from Curlewis identified as Linthia 
antiaustralis Tate, and gave some new occurrences of previously described species. 
In the same year Pritchard diagnosed the new species Linthia mooraboolensis and 
placed Pericosmus gigas McCoy and P. nelsoni McCoy in Linthia. Chapman (1913) 
figured a specimen identified as Echinocyamus ( Scutellina) patella Tate. In 1914, 
he illustrated a number of Tertiary echinoids. In 1917, he described a new species 
of foraminifera, Bolivina hentyana, which has been shown to be based on either a 
scrobicular or miliary radiole of a cidarid (Jenkins 1958). And in 1923, he figured 
a pebble which he took to be the internal mould of an echinoid which he identified 
as ‘cf. Lovenia y . 

The profound changes in echinoid nomenclature wrought by Lambert and 
Thiery (1909-24) caused a general re-shuffle of the generic position of the Aus¬ 
tralian species. They proposed the taxa: 

Fossulaster Haiti gen. et sp. nov. for the form illustrated as Scutellina sp. 
by Hall (1908). Progonolampas Tatei sp. nom. nov. for Conoclypeus ros¬ 
tratus Tate, a homonym of Echinolampas rostratus Cotteau. 

Lambert (1920) also diagnosed the genera Granobrissoides for Gualtieria aus¬ 
traliae Cotteau, and Victoriaster for Pericosmus gigas McCoy. 

Chapman and Cudmore (in Chapman 1928; Chapman and Cudmore 1934) des¬ 
cribed the cidarids of the fauna. They proposed the species: 

Phyllacanthus duncani 
Prionocidaris scoparia 
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Chondrocidaris clarkii 
Goniocidaris prunispinosa 
Goniocidaris pentaspinosa 
Goniocidaris murrayensis 
Goniocidaris mortenseni. 

Brighton (1929a) illustrated the ambulacral structure of the holotype of 
Car diaster tertiarius Gregory. 

Mortensen (1928-1952), in his monograph of the class, mentioned a number of 
Australian Tertiary species, particularly type species of genera. 

H. L. Clark (1946), in his review of the echinoderm fauna of Australia, gave 
partial synonymies of most of the Tertiary echinoid species, altering the generic 
placement of some. 

Fell (1949) described a temnopleurid from the Murray River Cliffs, South Aus¬ 
tralia, as Brochopleurns australiae sp. nov. Fell (1953) also gave a generalized 
account of the generic composition of the Australasian Tertiary echinoid fauna, and 
also reviewed the Australian Tertiary cidarid fauna in his description of the 
Cainozoic cidarids from New Zealand. 

Durham (1955) illustrated the plating for the species Monostychia australis 
Laube and Sismondia murravica Tate, gave figures of Fossulaster halli Lambert 
and Thiery, and diagnosed the genus Scutellinoides based on Scutellina patella Tate. 

More recently, the present writer (1957) described the plating structure of 
Lovenia woodsi (Etheridge), the peculiarities of which had been noted bv Hawkins 
(1916). 

Two minor inaccuracies have arisen concerning the fauna. Lambert and Thiery 
(1914, p. 310) list the living species Anomalanthus tumidus (Woods) (currently 
regarded as a species of Clypeaster) as occurring in the Pliocene of Australia, a 
statement apparently followed by Stefanini (1924). The Miocene species Lovenia 
woodsii (Etheridge) is considered by Cotteau (1878, p. 215) to be living. 

Excluding nomen nuda, a census shows that 83 nominal species and varieties 
have been proposed for Tertiary echinoids of SE. Australia, of which about 50 
species are currently regarded as valid (H. L. Clark 1946 lists 52) ; the type speci¬ 
mens of over half of the nominal species and varieties were lodged in extra-Aus¬ 
tralian museums; in all 18 generic or subgeneric categories have been proposed, 
based on type species from this Tertiary fauna. 


Systematics 
Subclass Regularia 
Order Cidaroida Claus 

Introduction : 

Cidaroids are notoriously unamenable to systematic treatment, bringing with 
them their own peculiar problems. The stereotyped features of the test and radioles 
within the order has in the past given rise to considerable uncertainties in classifica¬ 
tion. 

To Mortensen (1903 and subsequently) is owed the present classification of 
living cidaroids. Among other features, Mortensen placed much taxonomic im¬ 
portance on the nature of the pedicellariae and spicules of the intestinal wall, 
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details which had largely been overlooked by earlier workers. Although Mortensen’s 
classification originally met with considerable criticism from contemporary zoo¬ 
logists, it has now come to be accepted for the arrangement of living forms. 

Palaeontologists, however, have not been so unanimous in following Mortensen’s 
work. A criticism is expressed by Cooke (1946, p. 199) who writes—'More recent 
authors, particularly Mortensen (1928), have split the natural genus Cidaris into 
innumerable so-called genera, basing them on trivial differences that appear to be at 
the most subgeneric or even merely specific variations. The Cidaridae should be 
restudied by someone who has access to both Recent and fossil species and who has 
a better sense of proportion in the evaluation of morphological features.' The same 
writer has expressed a similar, although less emphatic view subsequently (Cooke 
1953, p. 5; 1957, p. 7). 

In this appraisement of Mortensen’s work it is necessary to dissociate two very 
different bases of criticism. 

The first appears to arise from the familiar dichotomy between the classification 
of the palaeontologist and that of the zoologist—the former of necessity deals only 
with the hard parts or those which survive on fossilization. Mortensen’s work has 
provided the only reasonable subdivision of living forms. That it cannot be used 
readily in classifying fossil cidaroids is no valid criticism of the classification, but a 
limitation of the fossils (although it was for this very reason that Lambert and 
Thiery (1909, 1910) rejected Mortensen’s classification). Indeed no fault can be 
found in the basis of Mortensen’s classification of cidaroids, as his work, considering 
as it did the total animal, provides the only possible rational subdivision. That his 
classification emphasized minutiae not usually found in fossil forms was the out¬ 
come of the fact that gross morphology within the groups allows of only slight 
indication of affinities. 

The other criticism contained in Cooke’s comment is directed at the level of 
Mortensen’s classification. What is to be said here, however, cannot be said as 
criticism, but more as explanation. Mortensen’s searching taxonomy of living 
echinoids was directed at distinguishing the slightest of variations. These variants 
invariably were then distinguished as species. His taxonomy was, of necessity, what 
Mayr, Linsley and Usinger (1953) would term 'alpha taxonomy’—‘the distinguish¬ 
ing, identifying, describing, and naming of species’, upon which foundation will 
eventually be based a complete classification. 

In most branches of taxonomy polytypic species are recognized, and in the 
growing synthesis of taxonomy, this procedure is extending to more and more 
groups. Mayr (1954) offers a penetrating analysis of Mortensen’s taxonomy. He 
notes that 'Allopatric populations are generally ranked by Mortensen as full species’ 
and that it is 'evident that many of the so-called "species” would be called subspecies 
in other branches of taxonomy . . . The fine splitting on the species level affects 
classification on the higher level. Most polytypic species or superspecies are treated 
by Mortensen as separate genera.’ 

Nowhere is this more obvious than in Mortensen’s generic subdivisions of the 
living cidarids. For example, he recognized (1928) 5 subgenera of Goniocidaris 
through which were distributed 14 living species. These may well be grouped as 5 
(or perhaps 6) ‘good’ polytypic species, which practice leads to simple nomenclature 
which adequately defines the relationships of the different forms. 

Although a synthesis of the work of Mortensen requires considerably more in¬ 
formation on distribution than is at present available (a surprising number of 
nominal species are known from one or two specimens dredged from a particular 
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locality), and should entail detailed study of the forms in question, nevertheless in 
dealing with living genera the obvious species groups have been given. This is done 
so that the generic level of classification can be recognized at least approximately. 

Subdivision of the Order : 

Mortensen (1928) divided the cidaroids into 2 families—the Palaeozoic Archaeo- 
cidaridae and the Mesozoic to Recent Cidaridae. This latter family was further split 
into 3 subfamilies. These were the Streptocidarinae for the early Mesozoic imbricate 
cidaroids, and the Stereocidarinae for the remainder of the Mesozoic to Recent 
cidaroids, except the peculiar Mesozoic genera Diplocidaris and Tetracidaris, which 
were set apart in the subfamily Diplocidarinae. The subfamily Stereocidarinae was 
further subdivided into 7 groups. 

Durham and Melville (1957) would accord the subfamilies Stereocidarinae and 
Streptocidarinae, as used by Mortensen, the rank of independent families (Cidaridae 
and Miocidaridae respectively), a change which is almost inevitable following the 
present-day trend of the upgrading of hierarchy in invertebrate classification. How¬ 
ever, Durham and Melville would also recognize Mortensen’s 7 groups as sub¬ 
families of the Cidaridae, ‘as also the family Psychocidaridae Ikeda’, which changes 
are open to serious criticism. This is particularly obvious in the suggested treatment 
of the Psychocidaridae. 

The family Psychocidaridae contains the single monotypic genus Psychocidaris 
described by Ikeda (1935) from the Bonin Islands. The major features which dis¬ 
tinguish this genus from other cidaroids are: 

(a) Imperforate primary tubercles. Of the cidaroid genera discussed by Mor- 
tenson (1928) the Cretaceous genus Typocidaris alone has this feature. It 
may now well be included in the Psychocidaridae. 

(b) No interradial peristomial plates are present in Psychocidaris. 

(c) The globiferous pedicellariae lack true poison glands and are thus inter¬ 
mediate in structure between those of the cidarids and other regular echi- 
noids (Ikeda 1939c). 

(d) The modified cortex layer (if, indeed, it can be called such) of the radioles 
is similar in structure to the radiating lamellae, and quite unlike the dense 
cortex layer of the cidarids. 

So marked are these distinctions (in many features the form is intermediate be¬ 
tween the cidarids and the saleniids), that Mortensen (1951, p. 555) was prepared 
to accept the family as co-ordinate with his Archaeocidaridae and Cidaridae. Cer¬ 
tainly the family has no place among the ill defined groups which were recognized 
by Mortensen within his usage of the subfamily Stereocidarinae. 

As the classification of Mortensen (1928) is no longer fully acceptable, 4 
families may be recognized within the order Cidaroida. These are: 

Archaeocidaridae McCoy 

Cidaridae Gray (= Stereocidarinae Lambert of Mortenson 1928 -J- Diplo¬ 
cidarinae ) 

Psychocidaridae Ikeda 

Miocidaridae Durham and Melville (= Streptocidarinae Lambert of Mor¬ 
tensen 1928). 

The Miocidaridae is by far the most ill defined family and perhaps should merely 
be considered as a subfamily of the Cidaridae. It includes principally Triassic genera, 
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and (as the subfamily Streptocidarinae) was distinguished by the imbrication of 
coronal plates by Lambert (1900) and Mortensen (1928). Bather (1909, p. 88) has 
pointed to the fact that even in typical genera such as Triadocidaris there is a ten¬ 
dency for the imbrication to be lost. Mortensen includes in the group such genera 
as Mikrocidaris and Aplocidaris which apparently possess rigid tests. Furthermore 
imbrication is seen in young specimens of some living cidarids (e.g. Austrocidaris 
canaliculata (Agassiz), Doderlein 1887, PI. 9, fig. 6). But as typical miocidarids 
represent an important stage in the derivation of the cidarids from the archaeo- 
cidarids, the family may be retained in this phylogenetic context, although taxonomic 
difficulties accompany its recognition. 

The other families are well marked both morphologically and phylogenetically 
and need no further explanation. 

Next, the subfamily arrangements within the Cidaridae must be discussed. As 
noted above, Durham and Melville would recognize Mortensen’s (1928) groups as 
subfamilies. These however are virtually the end groupings to a key of the structure 
of the pedicellariae and, furthermore, are of very different value, so that they most 
certainly cannot all stand in formal classification, although they are of use in iden¬ 
tifying living cidarids from the pedicellariae. 

Indeed, any attempt at natural subdivision of the Cidaridae is fraught with un¬ 
certainty, and for this very reason no acceptable categories have been proposed 
within the family. Despite this, when considering the gross features of the test, the 
radioles, the geological history and, in living groups, the pedicellariae and the 
character of the spicules of the intestinal wall, a threefold subdivision of the family 
presents itself. Whether or not these groups can be considered as subfamilies of the 
Cidaridae is a matter for future study. They are; 

Section I (Group Histocidarina Mortensen 1928)— Inner distally directed 
processes on the inner peristomial plates; cortical hairs of the radioles simple 
or wanting; tubercles deeply crenulate; pores non-conjugate; globiferous 
pedicellariae absent; spicules of the intestinal walls small and almost wanting. 

Mortensen (1928, p. 69) comments that this group stands so apart from the rest 
of the cidarids ‘that it might perhaps rather be justified to regard it as a separate 
subfamily*. This, however, is not said of any of his other groups. 

Section II (Groups Cidarina, Stylocidarina and Rhabdocidarina of Mortensen 
1928)—Tubercles smooth or crenulate; pores non-conjugate or conjugate; 
cortical hairs of the radioles usually well-developed; globiferous pedicellariae 
specialized, usually with a well differentiated terminal opening and often 
with projecting rods on the stalk; spicules of the intestinal wall small glassy 
plates. 

Mortensen (1928) distinguished his 2 very similar groups the Cidarina and 
the Stylocidarina by the presence or absence of an end tooth in the larger globiferous 
pedicellariae. It should be pointed out that H. L. Clark (1907) figured a specimen 
of Tret ocidaris bartletti (Agassiz) in which both types of globiferous pedicellariae 
were present. Indeed, on the basis of this, Agassiz and Clark (1907) went so far 
as to deny the classificatory value of pedicellariae. Mortensen (1909, p. 47; 1928, 
p. 316) maintained that the specimen concerned was a hybrid. This does not alter 
the fact that the 2 groups, to be distinguished merely by these pedicellariae, must 
be very closely related. On the other hand, the Rhabdocidarina is better characterized 
but intergrades with the Stylocidarina through the genus Prionocidaris. 
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Section III (Groups Stereocidarina, Goniocidarina and Ctenocidarina of Mor- 
tensen 1928)—Often small forms, usually with smooth tubercles and in¬ 
variably with non-conjugate pores which may be oblique; sutures often 
pitted or incised, particularly those of the interambulacra; radioles usually 
with well-developed cortical hairs; globiferous pedicellariae simple or 
generalized in structure; spicules of the intestinal wall triradiate. 

This group appears to be natural although it is almost impossible to define in 
terms of test characters. There seems little doubt from the evidence of the Australian 
Tertiary forms that the Goniocidarina and Ctenocidarina arose from the Stereo¬ 
cidarina in the late Palaeogene. All 3 groups possess distinguishing features of the 
test which allow their confident recognition. However, in tracing the groups back¬ 
ward in time the characters are found to intergrade and the groups to converge and 
lose their identity. This will be discussed in detail in Part II. 

The subfamily Diplocidarinae, characterized by biserial ambulacra (a feature 
seen to some extent in other Mesozoic cidaroids), would seem to be of value com¬ 
parable with these compounded groups. 


Fossil Cidarids: 

Because of the intractable generic taxonomy of fossil cidarids two superficially 
very different approaches have arisen. Purely artificial ‘generic’ classifications 
such as those of Lambert and Thiery (1910) and Gignoux (1933) have been pro¬ 
posed. These are based on gross features of the test which have long since been 
recognized as of little value in the subdivision of living species. 

The other approach, seen notably in the work of Chapman and Cudmore (1934) 
and Fell (1954) working on Cainozoic faunas, is to endeavour to recognize in 
fossil forms features which give indications of affinity with living genera. The danger 
here is that the living genera should be employed merely as ‘form genera' with 
their identification based on but a single attribute (radioles with cup-shaped ter¬ 
minations = Goniocidaris; radioles with thorns = Prionocidaris ; radioles with 
flanges = Chondrocidaris, etc.). This can lead to a taxonomy as unsatisfactory as 
that of the first procedure. Despite this, it is often possible to arrive at a fairly 
definite opinion of the generic affinities of many of the Australian Tertiary species 
from a detailed study of the living Indo-Pacific cidarids. But it should be empha¬ 
sized that, because of the inherent uncertainty of the taxonomy, the procedure must 
lead to a very broad interpretation of some genera. 

The classification of fossil cidarids brings other problems. 

The first of these is the uncertainty in correctly associating isolated radioles with 
isolated test fragments. The convincing association of test and radioles is known in 
only two of the many forms described below. Often, however, from the one locality 
test fragments and radioles may be known which show reasonable indications of 
belonging to the same genus, and hence to the same species. In the more abundant 
forms the association may be indicated by the fact that certain radioles are co¬ 
extensive with fragments of a particular test. The reasons for the association of test 
and radioles in the various species are given in full. 

Furthermore, there is the problem of what treatment is to be accorded forms 
known only from radioles. Here there is room for some doubt. At one extreme 
Hawkins (1934, p. 159) stated of some fossil cidarid radioles from Fiji—‘But the 
taxonomic value of a cidarid radiole (at least in fossil material) is very slight, and, 
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though I still consider these to represent a true Phyllacanthus, I lay no stress on 
their resemblance to those of living species’. On the other hand. Fell (1954, p. 10) 
considered that—‘Isolated, even fragmentary radioles can provide valuable informa¬ 
tion’ and ‘They should be regarded as legitimate material for taxonomic palaeon¬ 
tology . . Bather (1909) is perhaps the most judicious in his stand on the naming 
of incomplete echinoderm remains. He writes (p. 7)—‘As regard the application of 
specific names to such fragments, it seems to me that, if our descriptions are to be of 
practical service to stratigraphers, then they must be accompanied by names. A des¬ 
cription without a name is soon lost sight of, whereas a name compels attention 
until at last it finds its proper place, if only as a synonym.’ 

The point then would seem to be that fragments should be of some possible 
stratigraphic service before their naming is justified. 

Thus the systematic treatment here differs considerably with the nature of the 
material. Where the material adequately indicates the generic affinities of the form 
concerned, or is widespread, systematic categories have been introduced. Where the 
material is inadequate to define the characters of the species, or its generic relations 
are obscure, or the material is poorly or inadequately located, usually open nomen¬ 
clature has been used. Often within the species informal varieties (usually based on 
the differences in the radioles in specimens from different horizons) have been 
recognized, and these may eventually prove worthwhile as formal taxonomic cate¬ 
gories. 

Australian Tertiary Cidarids: 

The Tertiary cidarids of SE. Australia comprise a very important part of the 
whole echinoid fauna, both in number of species and relative abundance. Whereas in 
Europe the family flourished in the late Mesozoic and is poorly represented in both 
the Tertiary and Recent faunas, it would seem that rather the opposite applies to 
its history in the Indo-Pacific and Australasian regions (although there is still but 
little information available concerning Mesozoic echinoids). The Recent echinoid 
fauna of the Indo-Pacific contains over nine-tenths of the known living cidarids, so 
it is not surprising that Tertiary representatives of no fewer than one third of the 
living genera have to date been recorded from the Australasian region. 

Chapman and Cudmore (1934), in their account of the Tertiary cidarid fauna 
of SE. Australia, brought together a collection of some 3000 radioles and some 400 
test fragments. In the course of the present study their material has been critically 
examined, together with further specimens collected subsequently. Chapman and 
Cudmore, in their taxonomy of these difficult echinoids, had very little conception 
of the limits of their 8 species, although they recognized the main generic elements 
of the fauna. The difficulty they encountered in delimiting their species can be seen 
in the labelling of collections within the National Museum, Melbourne. In their 
interpretation of Stereocidaris anstraliae (Duncan) they included in part the tests 
of 9 well-marked species; if radioles are also considered then the number of species 
is about 15. Thus, their records of species from the various localities are untrust¬ 
worthy. Throughout it is attempted to give synonymies of Chapman and Cudmore’s 
species as they used them in their museum labelling; this, however, gets extremely 
involved in some species, and so the synonymies must be regarded as fully reliable 
only in the treatment of the figured material. 

As Chapman and Cudmore’s paper includes illustrations of a considerable num¬ 
ber of different cidarids, for reference a re-identification of their figured specimens 
is given in Table 1. 
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Table 1 



Chapman and Cudmore’s 
(1934) identifications of 
figured cidarids 

Identifications 

herein 

Fig. 

1-3 

Stereo cidaris australiae 

Stereocidaris sp. nov. A 

4 

(Duncan) 

fj ii 

Stereocidaris sp. nov. B 

5-6 

it a 

S. australiae (Duncan) 

7*-8 

Phyllacanthus duncani 

P. duncani C. & C. 

9 

it ii 

P. clarkii (C. & C.) 

10* 

Prionocidaris scoparia 

Stylocidaris (?) scoparia (C. & C.) 

11 

ii ii 

Phyllacanthus duncani C. & C. 

12*-14 

Goniocidaris prunispinosa 

Stereocidaris (?) prunispinosa (C. & C.) 

15-17* 

Chondrocidaris clarkii 

Phyllacanthus clarkii (C. & C.) 

18-19* 

Goniocidaris pentaspinosa 

G. pentaspinosa C. & C. 

20-22* 

G. murrayensis 

G. murrayensis C. & C. 

23* 

G. mortenseni 

G. tubaria mortenseni C. & C. 

24 

‘Smooth Spines, incertae sedis* 

Radiolus sp. 1 

25-26 

‘Club-shaped Spines, incertae sedis' 

Eucidaris strombilata felli subsp. nov. 

27 

Goniocidaris mortenseni 

G. tubaria mortenseni C. & C. 

28-30 

Prionocidaris scoparia 

Stylocidaris (?) scoparia (C. & C.) 

31 

Chondrocidaris clarkii 

Radiolus sp. 2 

32 

Stereocidaris australiae 

Stereocidaris sp. nov. C 

33 

Phyllacanthus duncani 

P. duncani C. & C. 

34-35 

Stereocidaris australiae 

Radiolus sp. 6 

36a-b 

(Duncan) 

a ii 

Radiolus sp. 7 

36c 

ii ii 

Radiolus sp. 8 


♦Type specimen, or including type specimen. 


Family Cidaridae Gray 

Genus Stylocidaris Mortensen 

Stylocidaris Mortensen 1909, p. 52. 

Stylocidaris Mortensen 1928, p. 334 et. seq. (cum synon.) 

Type Species : Cidaris affinis Philippi, by original designation. 

Diagnosis: Comparatively large forms with non-conjugate pores and smooth 
or crenulate tubercles. Radioles usually with simple terminations and ornamented 
with granules or serrated ridges. Cortical hairs usually simple. 

Remarks: The extremely generalized and uniform character of tests and 
radioles in both the Stylocidarina and Cidarina does not allow distinction between 
the groups in dealing with fossil material. As the Cidarina is at present typically a 
Mediterranean and Atlantic group (first recognized in the Indo-Pacific by Morten- 
sen 1939), it seems best to regard the forms in this fauna which have such 
generalized characters as belonging to the Stylocidarina rather than the Cidarina. 
Two species fall within this category, but even so, neither of them can be regarded 
as fully typical of Stylocidaris . The peculiarities of each are discussed below after 
their descriptions. 
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Distribution : The genus is cosmopolitan in the present-day seas, although it 
is far more common and diversified in the Indo-Pacific than elsewhere. Mortensen 
(1928) recognized 18 species and subsequently (1932, 1939) described 2 more 
species and a variety. These numerous named forms may be arranged in 5 species 
groups, the relationships within which are complex, particularly in the first. These 
are: S. affinis (Philippi)—5\ reini (Doderlein), annulosa Mortensen, S’. cala- 
cantha (Agassiz and Clark), »S\ bracteata (A. Agassiz), S. tiara (Anderson). 

S. rufa Mortensen and S. jusispinina Mortensen are not certainly species of 
Stylocidaris. 

Stylocidaris (?) scoparia (Chapman & Cudmore) 

(PI. XXI, fig. 1-2, 4-8; fig. la, 2b) 

Prionocidaris scoparia Chapman and Cudmore 1934, p. 134-135 ( partitn ), PI. 12, fig. 10 (non) 

fig. 11; PI. 15, fig. 28-30; H. L. Clarke 1946, p. 256 ( partim ) ; Fell 1954, p. 11 ( partim ). 

Diagnosis: Test large, with narrow ambulacra, narrow interambulacral mid¬ 
zones and large, smooth tubercles. Scrobicular tubercles prominent and overhanging, 
with inner ridges resembling those of Phyllacanthus. Interporiferous tract narrow 
and ornamented by a regular series of large, almost contiguous marginal tubercles 
which on each plate are supplemented usually by 2 small internal tubercles. 7 inter¬ 
ambulacral plates in each vertical series and 16 ambulacral plates opposite the highest 
interambulacral plate. 

Radioles large and cylindrical, with shafts ornamented by irregular, distant 
thorns, and the distal termination may be flared and flattened. Collar long and 
milled ring markedly expanded. 

Type Specimen: Chapman and Cudmore’s (PI. 12, fig. 10) syntype from 
Aldinga (AUGD T360), a test with a detached radiole lying across the apex, is 
here designated lectotype. Dr Mary Wade, University of Adelaide, kindly examined 
the specimen and considered it to have come from the Port Willunga Beds (Janju- 
kian to Batesfordian). 

Chapman and Cudmore’s other syntype (PI3709) is a specimen of their 
Phyllacanthus duncani. 

Description : The test is large and depressed with slightly incised ambulacra, 
and a peristome comparable in width to the apical system. 

The slightly sinuate ambulacra are narrow, about 15% of the width of the inter¬ 
ambulacra. The poriferous tract is slightly sunken and almost twice the width of 
the interporiferous tract. The non-conjugate pores are large and somewhat slit-like, 
with the wall between rising to a low elevation (Fig. la). The transverse ridge 
above the pores is fairly well developed. The interporiferous zone is ornamented by 
a regular series of large, almost contiguous, marginal tubercles which on each plate 
are supplemented usually by 2 smaller, internal tubercles. Small granules occur 
irregularly among the internal tubercles. 

The interambulacral plates are comparatively high with exceedingly large 
aureoles, which, particularly in the plates below the ambitus, are sub-quadrate in 
shape, as their margins follow closely the borders of the plates. Consequently the 
interambulacral midzone is narrow, less than half of the width of the aureoles. The 
aureoles are moderately incised and are not confluent. The bosses rise well above 
the level of the test to' the prominent smooth tubercles, the perforations of which 
tend to be elongated in the direction of the vertical axis of the test. Outside the 
prominent well-shaped tubercles of the scrobicular circle, the narrow adradial and 
admedian zones are covered by small closely spaced tubercles. 
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None of the sutures is incised although the median interambulacral suture tends 
to be depressed. 

Radioles: A detached radiole lies across the type specimen (PI. XXI, fig. 2). 
This can be confidently identified as belonging to this species. Similar radioles are 
known from Aldinga, and also other localities. 

The radioles are massive and cylindrical, often with flattened distal terminations, 
and exceed the h.d. of the test (the longest known is that illustrated by Chapman 
and Cudmore loc. cit., which, although broken, reaches over 10 cm in length). The 
shaft is ornamented by sparse, distant, projecting thorns which lack serial arrange¬ 
ment, although this may obtain to a slight extent in the flattened distal portion of 
the shaft, where smaller granules may also be present between the thorns. The 
collar is often as long as the width of the shaft at the neck, and expands markedly 
to the prominent milled ring. The neck is usually short but this appears to be 
variable. Portion of a dense coat of cortical hairs is preserved on some of the 
radioles (PI. XXI, fig. 8). This extends a short distance up the thorns of the 
shaft. Where the hairs are perished the surface of the cortex is slightly dimpled. In 
transverse section (Fig. 2b) the radial lamellae are seen to be regular, the cortex 
layer comparatively thick and the thorns made up of extensions of the cortex layer. 

Measurements: The lectotype test has the following measurements: h.d. 75 
mm; v.d. 32 mm; diameter of apical system c. 22 mm; diameter of peristome c. 22 
mm. 7 interambulacral plates in each vertical column and 16 ambulacral plates 
opposite the highest interambulacral plates. 

Synopsis of Material: 

‘Aldinga', Port Willunga Beds, Janjukian to Batesfordian: lectotype test; P19297 

P19302 (test fragments) ; PI9563-8 (radioles). 

‘Airey’s Inlet', Point Addis Limestone, Janjukian, P18829 (radiole). 

‘Allot. 14, Par. Wataepoolan’ (FWataepoolan Limestone, Loc. XXVI, Brown 1958 

p. 13), CPC 4813 (radiole), FJanjukian. 

‘Waurn Ponds', Waurn Ponds Limestone, P19676-83 (radioles), Janjukian or 

Longfordian. 

Range: The species is probably confined to the Janjukian and Longfordian. 
Jenkins (1958) indirectly records ' Prionocidaris' from the Bochara Limestone, 
Hamilton, of Batesfordian age. This, however, is poorly founded. 

Remarks: Chapman and Cudmore described this form as a species of Priono¬ 
cidaris, considering the pores to be conjugate. This condition was fulfilled by the 
inclusion of an interambulacral zone of Phyllacanthns duncani in their type material, 
and of all other test fragments of P. duncani from the Gambier Limestone in the 
species. 

This difficulty in distinguishing P. duncani and ( ?) scoparia is understand¬ 
able, for the tests of the two species are very similar in their general features (large 
size, narrow interambulacral midzone and the simple ornament of the narrow 
interporiferous tract). Moreover, S. (?) scoparia possesses ridged scrobicular 
tubercles similar to those of Phyllacanthus . However, interambulacral plates of S. 
(?) scoparia may be distinguished as the scrobicular tubercles overhang the more 
incised and larger, sub-quadrate aureoles. The non-conjugate pores of S. (?) 
scoparia distinguish the ambulacra, and further, prevent the species from being 
placed in Prionocidaris. 

Undoubtedly the main character which led Chapman and Cudmore to consider 
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this as a species of Prionocidaris was the ornament of the radioles. Even so, the 
short neck and long collar with the prominent, expanded milled ring are features 
unlike those of Prionocidaris and recall rather Stylocidaris . But the species cannot 
be regarded as typical of Stylocidaris for the coarse ornament of the radioles is 
unlike that of any living species of the genus. Furthermore, the spongy coat of 
anastomosing cortical hairs, seen on some of the radioles, is a feature foreign 
to Stylocidaris for in this genus the cortical hairs are normally simple. A further 
atypical feature is the specialized scrobicular tubercles which recall those of Phylla- 
cafithns . Probably this species should be set apart as a separate genus having no 
nearer relative than Stylocidaris. It bears no obvious comparison with any other 
adequately known fossil species. 



a 


b 



c 


Fig. 1 —Stylocidaris (?) spp. a, Stylocidaris (?) scoparia (Chapman & Cudmore). Enlarge¬ 
ment of ambital ambulacrum of lectotype (AUGD T360), X 10. b-c, Stylocidaris 
(?) chapmani sp. nov. b, Enlargement of ambital ambulacrum of holotype (P18908), 
X10. c, Profile of ambulacral and interambulacral plates (P18911), X 6. 

The removal of scoparia from Prionocidaris raises the question of whether the 
genus can be said to occur in the Tertiary of Australasia. Fell (1954) named two 
species of Prionocidaris, P. haosti from the Duntroonian and P. marshalli from the 
Bortonian of New Zealand. Both of these species were based on radioles, and the 
former w f as regarded as belonging to a species of Prionocidaris largely because of 
similarity with the radioles of S. ( ?) scoparia. That P. marshalli probably has kin¬ 
ship with the Histocidarina will be discussed in Part II. 

It does seem, however, that Prionocidaris was represented in the Tertiary of the 
Indo-Pacific. Mortensen (1928, p. 436) has suggested that the Eocene Leiocidaris 
canaliculata Duncan and Sladen (1884, p. 109-112, PL 21, fig. 1-9), from Western 
Sind, may be a species of Prionocidaris . The specimen figured as such by Davies 
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(1943, PI. 11, fig. 1) from the Shekan Limestone of the Kohat-Potwar Basin (BM 
E32392) has been examined and found to possess the test characters of Priono- 
cidaris. Furthermore, some radioles from the upper Miocene and Pliocene of Java 
and the Aru Islands have been placed in the living species P. baculosa (Lamarck) 
by Jeannet and Martin (1937). I have also examined a fragmentary test (CPC 
4814) from the Miocene of Lagaba Island, Papua, which is best regarded as be¬ 
longing to a species of Prionocidaris. 

Stylocidaris (?) sp. cf. S. (?) scoparia (Chapman & Cudmore) 

(PI. XXI, fig. 3) 

Stereocidaris australiae (Duncan), Chapman and Cudmore 1934, p. 127-130 ( partim ), (non) 
fig. 

Prionocidaris scoparia Chapman and Cudmore 1934, p. 134-135 (partim ), (non) fig. 

(Non) Leiocidaris Australiae Duncan 1877, p. 45, PI. 3, fig. 1-2. 

Material and Horizon: ‘Point Flinders, Aire Coast', P19597-602, P19752-7 
(radioles), Lower Glen Aire Clays, *Pre-Janjukian\ 

Description and Remarks: These radioles closely resemble those of 5*. (?) 
scoparia in their long collars and spinose ornament of the shafts. They differ most 
obviously in their smaller size, the more closely spaced and often longer thorns 
which show a tendency to be arranged in longitudinal series. They probably are 
from a form closely related to S. (?) scoparia, but, in the absence of knowledge of 
the test characters, this cannot be properly established. The radioles are known 
only from the one locality. 

These radioles were identified in the collection as Stereocidaris australiae (Dun¬ 
can) although their museum label reads—‘These may include Prionocidaris ; and on 
these specimens that genus is recorded in our paper, F.A.C.'. 

Stylocidaris (?) chapmani sp. nov. 

(PI. XXII, fig. 6-8; Fig. 1 b-c, 2a) 

Stereocidaris australiae (Duncan), Chapman and Cudmore 1934, p. 127-130 (partim), (non) 
fig. 

Stereocidaris australiae (Duncan), H. L. Clark 1946, p. 290 (partim) ; Fell 1954, p. 10-11 
(partim ). 

(Non) Leiocidaris Australiae Duncan 1877, p. 45, PI. 3, fig. 1-2. 

Diagnosis : Test moderately large with 5 interambulacral plates in each column, 
with the scrobicules of the upper plates of each column somewhat reduced in size. 
Aureoles not sunken; interambulacral midzone marked by transverse grooves. 

Interporiferous tract with a regular series of marginal tubercles, and usually 
2 smaller internal tubercles on each plate. 

Radioles large, generally flattened and distally expanded. Shaft ornamented by 
small thorn-like denticles arrayed on longitudinal ridges. 

Type Specimen: Holotype P18908, an interambulacral zone labelled 1 Stereo¬ 
cidaris australiae from the ‘lower beds', AW. 5 (probably the Brown's Creek 
Clays at Castle Cove, of ‘Pre-Janjukian' age). 

Description : The incised ambulacra are sinuate and about £ the width of the 
interambulacra. The interporiferous tract is slightly narrower than the more 
sunken poriferous tract. The fairly large, almost contiguous marginal tubercles form 
a regular vertical series. A smaller internal tubercle is also present diagonally be¬ 
low the marginal tubercle on each of the larger ambulacral plates (Fig. lb). The 
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rounded pores are slightly oblique and non-conjugate with the wall separating the 
pores rising to a prominent crest, whereas the transverse ridge above the pores is 
low. 

5 interambulacral plates are present in each vertical column, with the aureoles of 
the upper plate of each column somewhat reduced in size. On the lower plates the 
aureoles are shallow, so that the prominent, smooth tubercles rise well above the 
level of the test. The aureoles, mounted slightly toward the adradial side of each 
column, are transversely oval below the ambitus, and those of the lowermost plates 
may become almost confluent. The scrobicular tubercles are fairly large and closely 
spaced so that only rarely is a small secondary tubercle interposed between them. 
The interambulacral midzone and the adradial zones of the plates are deeply 
channelled by sub-horizontal grooves, so that the small secondary tubercles appear to 
be mounted on ridges. 

Measurements: P18908 was derived from a test with the following inferred 
measurements: h.d. c. 40 mm; v.d. c. 20 mm; diameter of apical system c. 20 mm; 
diameter of peristome c. 15 mm; 15 ambulacral plates opposite the highest inter¬ 
ambulacral plate. 

Association of Test and Radioles: In the collections from AW. 5 (Castle 
Cove) there are test fragments of 2 species, Stylocidaris (?) chapmani sp. nov. and 
Stereocidaris australiae (Duncan). Two groups of radioles also occur at this locality. 
The first group, described below, is associated with 5. chapmani because: 

(1) All available test fragments come from a fawn coloured clay (probably 
the Brown’s Creek Clays) as do also all radioles of the first group. The second 
group are preserved in an impure limestone as are also all the test fragments of S. 
australiae. 

(2) PI8902 shows a radiole of the second group lying in close proximity to a 
few isolated interambulacral plates of S. australiae (Duncan). 

Description of Radioles: The radioles are comparatively long and slender, in 
length apparently approaching the h.d. of the test. They are usually distinctly 
flattened, so that even the collar may be ovate in cross-section. In general, the 
shafts expand distally and become progressively more flattened so that at their distal 
termination they may almost be 3 times the width at the neck. However, some of 
the radioles retain an almost cylindrical shape for most of their length. The shaft is 
ornamented by about 12 longitudinal series of small, distally directed thorns, which 
may increase in number to over 20 such series on the expanded, distal portions of 
the shafts. Proximally the small thorns are somewhat randomly placed. On well 
preserved spines a dense coat of thick, strongly-anastomosing cortical hairs can be 
seen, filling the interspaces between the thorns and in some cases almost enveloping 
the smaller ones (PL XXII, fig. 8). The neck is long, between about i and 1£ 
times the diameter of the shaft at the neck, while the length of the collar is about 
^ of this. The milled ring is slightly expanded and is marked by longitudinal 
striations, as is also the collar. The acetabulum shows no trace of crenulation. 

Synopsis of Material: 

‘Lower beds, AW.5\ Brown’s Creek Clays, Tre-Janjukian’, P18908, 10-11 (test 

fragments), P18914-36 (radioles). 

Remarks : The generalized test characters of this species indicate a relationship 
with Stylocidarina or the Cidarina. The most striking and characteristic feature of 
the species is seen in the flattened and distally expanded radioles. This feature, 
however, is seen in both these groups in Cidaris blakei (A. Agassiz) in the Cidarina, 
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e 

Fig. 2—Sections of cidarid radioles. a, Stylocidaris ( ?) chapmani sp. nov. Portion of transverse 
section (P18923), X 40. b, Stylocidaris (?) scoparia (Chapman & Cudmore). Trans¬ 
verse section of cortical layer (P19568), X 40. c-d, Phyllacanthus clarkii (Chapman 
& Cudmore). c, Polished longitudinal section of constricted radiole (P19684), a axial 
zone, r radial zone, c cortex, / fracture, v voids. X 10. d, Portion of transverse section 
from distal part of radiole, X 40. e, Phyllacanthus scrratus sp. nov. Portion of trans¬ 
verse section from distal part of radiole (P19696), X 40. 
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and in the West Indian genus Hesperocidaris in the Stylocidarina, thus affording 
no indication of the broader affinities of the species, as would, perhaps, be expected. 

From present knowledge of its features, one is tempted to place this species in 
the genus Hesperocidaris. However, the zoo-geographic implications which this 
identification would then suggest are most certainly not warranted from a form 
which can be identified only circumstantially. This same would apply were one to 
identify the species as belonging to Cidaris S.S. The most neutral procedure for 
the present, is to questionably refer the species to Stylocidaris. 

Within the context of Stylocidaris it should be observed that this species could 
be construed as indicating that the genus Hesperocidaris —employed by Mortensen 
(1928) to include three very closely related West Indian ‘species’, and separated 
from Stylocidaris by the absence of a limb on the large globiferous pedicellariae, and 
the flattened radioles with the thick coat of anastomosing cortical hairs—is based 
on trivial features of no more than specific merit within the genus Stylocidaris. 

Genus Eucidaris Pomel ( sensu Doderlein) 

Gymnocidaris A. Agassiz 1863, p. 17. 

Eucidaris Pomel, Doderlein 1887, p. 42. 

Eucidaris Pomel, Mortensen 1928, p. 384 el seq. (cum synon.). 

Eucidaris Pomel, Fell 1954, p. 45; Cooke 1959, p. 8; Hertlein and Grant 1960, p. 102. 

(Non) Gymnocidaris L. Agassiz 1838, p. 3 (fide Mortensen 1935, p. 406). 

(Nec) Eucidaris Pomel 1883, p. 109. 

Type Species: The type species of Eucidaris Pomel is Cidarites monilifera 
Goldfuss, by the subsequent designation of Cooke (1959, p. 8). A re-examination 
of the type specimen of Cidarites monilifera Goldfuss is given elsewhere (Philip 
1963) where it is concluded that the species is best included in the genus Stereo- 
cidaris Pomel. As it is intended that the problem of the application of the name 
Eucidaris Pomel should be laid before the International Commission for Zoological 
Nomenclature, the genus Eucidaris is employed here in the sense of Doderlein, 
H. L. Clark and subsequent authors. 

Diagnosis : Comparatively small forms with smooth tubercles and non-conju¬ 
gate pores. Radioles short, cylindrical or fusiform, terminating with a small distal 
projection and with a short collar. Shaft ornamented with low rounded warts, 
arranged in longitudinal series, between which is a thick spongy coat of anastomos¬ 
ing cortical hairs. 

Distribution: Mortensen (1928) recognized 6 living species of Eucidaris . 
Mayr (1954, p. 3) notes that these illustrate ‘geographic speciation almost dia- 
grammatically* and that ‘if all were considered as having the rank of subspecies only, 
the genus would be monotypic\ Mayr omitted from discussion the southern species 
E. australiae Mortensen (1950a, p. 291, PI. 8, fig. 5-7) but in this form also, the 
distinctions are but slight. 

As fossil the genus is known from the Neogene of California, Mexico and the 
West Indies (Grant and Hertlein 1938, Hertlein and Grant 1960, Jackson 1922). 
H. L. Clark (1945, p. 313) has described Phyllacanthus tylotus from the Pleisto¬ 
cene of Fiji, which species, as Fell (1954, p. 12) points out, may prove to be a 
species of Eucidaris. Cooke (1954) has identified a cidarid from the Pliocene of 
Okinawa as Cidaris metularia. 

More ancient origins of the genus are suggested by the New Zealand occur¬ 
rences. Fell (1954) described the two species, Eucidaris coralloides, based on a 
single radiole from the Whaingaroan, and E. strombilata based on radioles which 
range from the Upper Eocene (?) to the Waitakian. 
o 
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The Australian radioles described below, while obviously distinct from this 
latter New Zealand species, are clearly very closely related. Consequently they are 
described as a sub-species of this form. 

Eucidaris strombilata Fell 

Eucidaris strombilata Fell 1954, 47-48, PI. 8, fig. A, E, F, G, H, J; PI. 10, fig. B; PI. 11, fig. E. 

Eucidaris strombilata felli subsp. nov. 

(PI. XXII, fig. 1-2, 5, 9) 

‘Club-shaped Spines, incertac sedis\ Chapman and Cudmore 1934, p. 142, PI. 14, fig. 25-26b. 

Diagnosis: Small club-shaped or fusiform radioles with the shaft often 
markedly widened and sharply constricted distally to a well developed terminal 
crown. 

Type Specimen: Holotype P19958, a radiole from Waurn Ponds, Waurn 
Ponds Limestone, Janjukian. 

Description : These are comparatively small, club-shaped or fusiform radioles 
with the shaft constricted distally below a well marked terminal crown. The shaft 
is ornamented by rounded warts which are arranged in longitudinal series or may 
be mounted on longitudinal ridges. These warts tend to be larger on one side of the 
radiole. Both the poorly delimited neck and the collar are short, and the milled ring 
is only slightly expanded. Between the warts of the surface of the shaft are rem¬ 
nants of a thick coat of spongy cortical hairs. 

Measurements: P19958 (holotype) : length 10 mm, maximum width of shaft 
3 mm. 

Synopsis of Material: 

‘Waurn Ponds*, Waurn Ponds Limestone, PI9958-62, Janjukian. 

mile S. Lethbridge’ (? T.M. 3), ‘Lower Maude Beds’, P18540-2, Janjukian or 
Longfordian. 

‘Airey’s Inlet’, Point Addis Limestone, P18830-1, Janjukian. 

‘Par. Mageppa, Pte. Bore Allot. 10, 171-180', GSV 58906, ? Janjukian. 

Range: Janjukian and ? Longfordian. 

Remarks: Radioles which belong to this subspecies are abundantly represented 
in material from Boonaya, near Balladonia, W.A. Almost a thousand such radioles 
are in the collections of the National Museum, Melbourne. Consequently, a further 
account of this subspecies, particularly of the variation in these radioles, will be 
given elsewhere in a description of the Tertiary echinoids of Western Australia. 

These radioles were originally described and figured by Chapman and Cud- 
more (loc. cit.) as ‘Club-shaped Spines, incertae sedis\ with the suggestion that they 
could belong to a species of Eudicaris. Fell (1954, p. 11) recognized their un¬ 
doubted affinities, and listed this form as Eucidaris sp. nov. He further pointed to 
the main differences which exist between this and the New Zealand E. strombilata, 
namely ‘the spine having a much wider and more sharply truncated form in the 
Australian specimens’. 

No test fragments which could belong to this subspecies have been recognized. 

Genus Phyllacanthus Brandt 

Phyllacanthus Brandt 1835, p. 67. 

Leiocidaris Desor 1855, p. 48. 

Phyllacanthus Brandt, Mortensen 1928, p. 500 et seq. (cum synon .). 
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Phyllacanthus Brandt, Fell 1954, p. 48-9. 

(Non) Phyllacanthus Brandt, Cooke 1941, p. 3; 1959, p. 10-12. 

( Nec ) Leiocidaris auctt. 

Type Species: Cidarites ( Phyllacanthus ) dubia Brandt, the designation valida- 
dated in Opinion 208, International Commission on Zoological Nomenclature. The 
type species of Leiocidaris Desor is Cidarites imperialis Lamarck, designated by de 
Loriol (1873, p. 63). 

Diagnosis: Large, thick-tested forms with prominent smooth tubercles. Scro- 
bicular tubercles conspicuous and characteristically ridged. Apical system dicyclic 
with widely exsert oculars and with the madreporite markedly enlarged. Peristome 
wide, usually considerably wider than the apical system. Pores sub-conjugate with 
marginal tubercles of the ambulacra well developed. 

Radioles large and robust, cylindrical or fusiform, with shaft covered by fine 
granules, usually arranged in longitudinal series, particularly distally, where they 
form longitudinal ridges. Cortical hairs short and anastomosing. Cortical layer thick 
with the radial laminae usually arising in fan-like bundles from the axial zone. 

Remarks : There has been a tendency among palaeontologists to use the genus 
Leiocidaris Desor as a form genus to include species with smooth tubercles and 
conjugate pores (Jeannet 1931, 1933, etc.). Although this practice has been con¬ 
doned by Mortensen (1932, p. 177) it leads only to confusion, for Leiocidaris is 
a direct synonym of Phyllacanthus. An extension of this practice is seen in the work 
of Cooke (1941, 1959) who uses Phyllacanthus as a form genus in a sense similar 
to Leiocidaris as used by other authors. However, the genus Phyllacanthus, as de¬ 
fined by Mortensen, is a well-characterized genus with a number of morphological 
peculiarities of both test and radioles which allow the recognition of the genus in 
fossil material with a considerable degree of assurance. It is a strictly Indo-Pacific 
genus, well represented in the Recent Australian fauna, and ranging back into the 
Oligocene of Australasia. The basis for Fell’s (1953, p. 248) statement that 
‘Phyllacanthus .. . had already become established in northern India in the Eocene’ 
is obscure. 

Distribution: Mortensen (1928) recognized 6 living species, and subsequently 
(1936) added a further species from Indian waters. 4 of the species are confined to 
the Australian coast, but their distribution and variation are poorly known. 3 species 
groups are apparently present in the genus. P. imperialis (Lamarck) is widely 
distributed throughout the Indo-Pacific and has the geographic variant P. dubius 
(Brandt) from the Bonin islands. In Australian waters, P. imperialis is known 
only from Torres Strait. From elsewhere in Australian waters 3 other species have 
been described, which, although standing very close together, may well all be 
merely geographic variants of P. imperialis. These are: 

P. parvispinus (Woods) from the E. Australian coast. 

P. magnificus H. L. Clark off Geraldton, W. A. 

P. irregularis Mortensen from the S. Australian coast. Cotton and Godfrey 
(1942, p. 216, PI. 12) have proposed the subspecies kimberi for the local South 
Australian variety of P. irregularis. 

Apart from these stand P. longispinus Mortensen from Northern Australia, and 
P. forcipulatus Mortensen from the Indian Ocean, both apparently representing well 
marked species probably sympatric with the P. imperialis group. 

Fossil radioles, and more rarely test fragments, which may be included in the 
genus are known from Cainozoic rocks throughout much of the Indo-Pacific and 
Australasian regions. These include: 
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Phyllacanthus imperialis (Lamarck), Cottreau 1908, p. 183-4, PI. S, fig. 10. 
‘Couches a Lepidocyclines' Madagascar. From the same horizon Cottreau illustrated 
(PI. 5, fig. 8) a fragmentary spine he identified as r Cidaris cf. striato-granosa 
d’Archiac, 1850' (? 1847). Although this specimen lacks any of the distinctive fea¬ 
tures of Phyllacanthus (its distal portion is missing) the ornament of the shaft closely 
resembles that of the contemporaneous Australian Batesfordian species P. duncani . 
Of Cottreau’s other species of Phyllacanthus from the Miocene of Madagascar, his 
Phyllacanthus sp. (PI. 5, fig. 7-7a) certainly is not a Phyllacanthus , but apparently 
affords the basis for the record of the genus Chondrocidaris in the Miocene of 
Madagascar, while his Phyllacanthus verticillatus (PI. 5, fig. 9-9a) resembles very 
closely the living species i Plococidaris , verticillatus (Lamarck). [The type species 
of the genus Plococidaris Mortensen is Cidarites bispinosa Lamarck, by the original 
designation of Mortensen (1909, p. 51). C. verticillata Lamarck was also included 
in the genus. In 1928, Mortensen removed the species bispinosa to the genus 
Prionocidaris, but retained the name Plococidaris for the species verticillata. 
Subsequent authors have followed Mortensen.] Similar radioles are known from 
the Pliocene of East Africa and the Miocene of India (Currie 1930, PI. 16, fig. 7 
(partim ); Duncan and Sladen 1882, PI. 45, fig. 1-12). 

Phyllacanthus sp. Currie 1930, p. 178, PI. 16, fig. 8, from the Pliocene and 
Pleistocene of coastal Kenya. 

Phyllacanthus imperialis (Lamarck) Forteau 1904, from Quaternary deposits 
near Suez ( fide Mortensen 1928, p. 509). 

From the Miocene Gaj Series of Western Sind, Duncan and Sladen (1885, 
PI. 44, fig. 13-13a) illustrate a ‘large cylindrical spine of the character of Phyllacan - 
thus imperialis or P. dubius \ Mortensen (1928, p. 509) considered that this probably 
represented some species of Phyllacanthus. Duncan and Sladen’s Cidaris opipara 
(op. cit. p. 279-81, PI. 44, fig. 1-8), based on test fragments from the same horizon, 
could also very well be a Phyllacanthus. The ambulacral pores are subconjugate in 
the manner of Phyllacanthus and closely resemble those of P. duncani described 
below (cf. Duncan and Sladen’s fig. 2 and fig. 3c), the peristome is much wider than 
the apical system (cf. Duncan and Sladen’s fig. 1 and 3), but the figures give no 
indication that the peculiar scrobicular tubercles typical of Phyllacanthus are present. 
It seems very likely, however, that C. opipara is a species of Phyllacanthus. 

From Miocene and younger sediments of the East Indies, a number of 
Phyllacanthus radioles have been described. These include: 

Phyllacanthus imperialis (Lamarck) Jeannet and R. Martin 1937, p. 222, from 
the Middle Pliocene of East Java. 

Phyllacanthus dubius Brandt, Jeannet and R. Martin 1937, p. 223, fig. 5, from 
the Upper Miocene and Middle Pliocene of Java. 

Phyllacanthus javana K. Martin 1885, p. 289, PI. 15, fig. 294; Phyllacanthus 
imperialis var. javana K. Martin, Jeannet and R. Martin 1937, p. 222-3, fig. 4, from 
the Upper Miocene of Java. This form was recorded from the Miocene of Yule Is¬ 
land, New Guinea, by Chapman and Cudmore (1930). Radioles in the Common¬ 
wealth Palaeontological Collection (CPC 4815-6), thus labelled, belong to a species 
of Phyllacanthus . 

Phyllacanthus dubius var. sundiaca R. Martin in Jeannet and R. Martin 1937, 
p. 223-4 (non Phyllacanthus sundaica K. Martin 1885, p. 287, PI. 15, fig. 293a-c) 
from the Lower Miocene of Java. 

The radioles figured by Currie (1924, PI. 4, fig. 20, 22) from the Pliocene of 
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Aru Island, although resembling Phyllacanthus spines, were identified as Priono- 
cidaris baculosa by Jeannet and Martin (1937, p. 220). 

Cidaris ( Phyllacanthus ) imperialis (Lamarck) Abrard 1946, p. 19-20, PI. 1, 
fig. 18, from the Upper Miocene of the New Hebrides. 

Phyllacanthus imperialis (Lamarck) is reported by H. L. Clark (1945, p. 
312-5) as occurring in rocks from Lower Miocene to Pleistocene age in Fiji. Clark 
(op. cit. p. 313, PI. 41, fig. D) also described a Pleistocene species Phyllacanthus 
tylotus but, as Fell (1954, p. 12) points out, the radiole concerned does not appear 
to have belonged to a species of Phyllacanthus and may well be a species of 
Eucidaris . 

From New Zealand 2 Tertiary species have been described. These are: 

Phyllacanthus titan Fell 1954, p. 49-51, PI. IB, 3, 10A, 11D, from rocks of 
Upper Oligocene to Middle Miocene age in New Zealand. 

Phyllacanthus wellmanae Fell 1954, p. 51-3, PI. 1C-D, 2, from the uppermost 
Miocene of New Zealand. 

Thus, Phyllacanthus is a strictly Indo-Pacific and Australasian genus, not 
only in its present-day distribution but also in its Cainozoic occurrences. 

Perhaps the genus is even more ancient in origin. Whitehouse (1924) illustrated 
a broken cidarid radiole from the Bajocian of Western Australia as Cidaris sp. 
This, the only described Jurassic echinoid from Australia, possesses surface orna¬ 
ment extremely reminiscent of Phyllacanthus. Whitehouse’s PI. 1, fig. lb is re¬ 
produced here as PI. XXIV, fig. 4 for comparison with P. duncani (PI. XXIV, 
fig* 5). ... 

There is no adequately substantiated record of the genus outside of the Indo- 
Pacific province. Its occurrence in the E. United States of America (Cooke 1941, 
Fisher 1951, Cooke 1959) is based on the Upper Eocene species Cidaris mortoni 
Conrad. This was placed in the genus Phyllacanthus ‘because the pores in each 
pair are distant and connected by a groove’ (Cook 1941, p. 4-5). Cooke’s figures of 
the species shows the pores to be fully conjugate, so that the species lacks all the 
features which allow recognition of Phyllacanthus in fossil material. 

Sanchez Roig (1949) has described some Tertiary and Cretaceous cidarids from 
Cuba, among which he diagnosed several new species of Phyllacanthus and 
Leiocidaris. The descriptions and figures of these are such that all but their most 
general features are obscure; none of them would seem to bear any relationship to 
Phyllacanthus . The same applies to all the cidarids described in this paper, and for 
this reason they are not discussed further. 

Morphology : Although most authors have described the pores of Phyllacanthus 
as conjugate, they really do not fulfil this condition in the usual sense of the term. 
Mortensen, for example (1928, p. 505), has some hesitation in using the term to 
describe the relation of the pores in P. imperialis. In Phyllacanthus the upper part 
of the wall between the pores is strongly raised to form a sub-triangular pro¬ 
tuberance. This narrows and is truncated by a shallow groove below so that the 
lower parts of the pores are connected (Fig. 5). This condition is different from the 
more normal condition of conjugation as seen, for example, in Prionocidaris, in 
which the pores lie in a groove which has the same height as the pores. It is pre¬ 
ferred to confine the term ‘conjugate’ to this latter condition, whilst the term ‘sub¬ 
conjugate’ is used for the arrangement which appears to be consistently developed 
in Phyllacanthus. It may be noted that the pore relationship in species of other 
genera may be similar (eg. Stylocidaris brevicollis (de Meijere) and also some 
species of Eucidaris). 
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Fell (1954) found that the conjugation was less marked in the New Zealand 
Oligocene species P. titan, an observation which led him to the conclusion that the 
species ‘is related to some more generalized non-conjugate ancestor, from which the 
Phyllacanthids descend' (p. 53). While this cannot be gainsaid, it should be ob¬ 
served that all traces of conjugation can be lost on even slightly worn specimens. 
Well preserved specimens of P. duncani from sediments of Janjukian age in E. Aus¬ 
tralia show an arrangement of pores indistinguishable from that of the living species 
of Phyllacanthus. 

Another peculiarity which distinguishes the test of Phyllacanthus is the remark¬ 
able specialization of the scrobicular tubercles. Each of these possesses a well-de¬ 
fined ridge running from the mamelon across the boss to the edge of the scrobicule 
of the primary tubercle. The outer side of the boss of each scrobicular tubercle is also 
raised in a wider, more poorly defined complementary ridge (Fig. 4b, 5d). The 
ridges would seem to inhibit the movement of the flattened scrobicular spines in the 
direction of the primary tubercle around which they are mounted. 

Although in living cidarids scrobicular tubercles of this nature are apparently 
confined to Phyllacanthus Mortensen (1928, p. 388, fig. 113a) illustrates a similar 
internal ridge for the scrobicular tubercles of Eucidaris metularia, and states that 
‘the mamelon is somewhat prolonged toward the aureole' (p. 387). A similar 
structure is also noted in E. thouarsii. The ridges, however, are much less strongly 
developed than those of Phyllacanthus , and lack the outer elevation. A number 
of fossil species have been illustrated which at least possess the inner ridge of the 
scrobicular tubercle. These principally include 2 species groups of Stereocidaris 
which will be discussed in Part II. Also Mortensen (1928, p. 501) considered that 
Cidaris lacrymula Duncan and Sladen (1882, PI. 1, fig. 1-7) from the Cretaceous 
of Sind possessed this feature, but Duncan and Sladen (p. 8) describe the scro¬ 
bicular tubercles as ‘tear-shaped* which suggests they may be of a character 
different from those of true Phyllacanthus. 

Among the Australian Tertiary species similar scrobicular tubercles are seen in 
Stylo cidaris (?) scoparia, although here the ridges are but poorly defined and the 
tubercles overhang the aureoles. 

Although Fell (1954) mentions this character as occurring in the scrobicular 
tubercles of his Phyllacanthus titan, his drawing of the interambulacral plates of 
this species (PI. 3E) shows their arrangement to be peculiar, for a ridge is shown 
which becomes progressively narrower away from the mamelon and may even fade 
before the outer margin of the well-defined boss of the scrobicular tubercle is 
reached. The mamelons of the scrobicular tubercles appear to strongly overhang 
the aureoles so that the inner ridges are not seen. 

Mortensen (1928, p. 502) pointed out that the appearance of a Phyllacanthus 
radiole in transverse section is fairly characteristic, as the radial laminae arise in 
fan-like bundles from the axial zone. Fell (1954, p. 30) writes that, ‘Even a small 
fragment [of a Phyllacanthus radiole] can be identified by the transverse section, 
which is characteristic'. 

It would seem, however, that a certain caution is necessary in using this charac¬ 
ter to identify the genus. Even in species in which the character is well marked, the 
fan-like bundles in the radial zone become progressively developed distally, so that 
in the proximal part of the radiole they may not be at all obvious (eg. P. titan 
Fell 1954, cf. PI. 10 A, B). Among living cidarids the feature is not confined to 
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Phyllacanthus. It is seen in Prionocidaris baculosa (Lamarck) and in Comp so - 
cidaris pyrsacantha Ikeda (1939b, PI. 9, fig. 3), a form closely related to Stereo- 
cidaris, and a comparable arrangement is developed in Eucidaris clavata Mortensen 
(1928, p. 410, fig. 121). Among fossil forms the same structure is seen in the 
radioles of Cidaris farringdonensis Wright and C. punctata Romer (Hesse 1900), 
which species, as Mortensen (1928, p. 502) points out, do not in other respects 
recall Phyllacanthus. 

Remarks on the Australian Tertiary Species: Fragments of Phyllacan¬ 
thus, both radioles and test remains, are probably the most widely distributed and 
abundant of any of the cidarid genera represented in the Tertiary of Australia. 
Chapman and Cudmore placed all the Phyllacanthus radioles in the one species, 
although they included Phyllacanthus tests in the type material of their species of 
Prionocidaris and Chondrocidaris. Here 5 taxonomic groupings are recognized, 
consisting of 3 species, 2 of which possess 2 subspecies distinguished by the 
character of the radioles. 

Because of the wide range of variation ascribed by Chapman and Cudmore to 
their Phyllacanthus duncani, Fell (1954) found comparison of his New Zealand 
species with their Australian contemporaries difficult. A brief comparison of some 
features of the tests given in Table 2 shows the New Zealand forms to represent 
distinct, although probably closely related species. Other features, such as the 


Table 2 


Species 

No. interamb. 
plates in a 
column 

Interporiferous 

tract 

Interamb. 

midzone 

Australia 




P. duncani 

6 (7) 

narrow 

narrow 

P. clarkii 

9 

wide 

wide 

New Zealand 




P. titan 

? 

wide 

intermediate 

P. ivellmanae 

9 

narrow 

wide 


confluent scrobicules of the lower interambulacral plates in P. wellmanae, further 
point to the difference of the New Zealand forms. 

The thick test and large spines of Phyllacanthus are particularly robust fossils. 
A remanie origin is quite possible for some of the worn fragments which occur in 
the younger Tertiary horizons. Instances in which worn remains only are known 
are noted in the occurrences given below. 

No specimens so labelled have been examined from the following localities from 
which Chapman and Cudmore (1934) list their Phyllacanthus duncani: Green 
Gully, Keilor; Bowker’s Steps, Princetown; First cliff N. of ‘Britana’, 3 miles 
below Morgan, upper Beds; Curlewis, locality Ad 12 or 13; Cape Barren Islands, 
Bass Strait. 

Phyllacanthus duncani Chapman & Cudmore 
Phyllacanthus duncani Chapman and Cudmore 1934, p. 131-133 ( partim ), fig. ( partim ). 

Diagnosis: A moderately large species of Phyllacanthus with up to 6 (7) inter¬ 
ambulacral plates in each vertical series. Interambulacral midzone typically narrow, 
and covered by coarse secondary tubercles. Interporiferous tracts narrow, with 
large marginal tubercles on each ambital plate usually augmented by 2 smaller in¬ 
ternal tubercles arranged in a vertical series. 
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Radioles stout and cylindrical or gently tapering; apparently only rarely exceed¬ 
ing the h.d. of the test. 

Remarks: The specimens available are divisible into 2 well-marked groups (de¬ 
scribed as subspecies) on the character of the radioles; test fragments associated 
with both types are identical, so that the subspecies can be identified only some¬ 
what circumstantially. As the radioles of one group are known only from the 
Gambier Limestone (and W. Australia) all test fragments of P. duncani from 
this formation are identified as belonging to the second subspecies P. duncani gam¬ 
bier ensis subsp. nov. Full synonymies and descriptions are given below under each 
form. 



d 

Fig. 3 —Phyllacanthus duncani duncani Chapman & Cudmore. a, Ambital interambulacral plate 
(P19781), X 4. b, Ambital interambulacral plate of holotype (P13707), X 4. c # En¬ 
largement of ambital ambulacrum of holotype X 12. d, Profile of broken interambula¬ 
cral plate (P19608), X 4. (Interambulacral plates worn so that ridged scrobicular 
tubercles not apparent in these figures.) 
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Phyllacanthus duncani duncani Chapman & Cudmore 

(PI. XXII, fig. 3-4; PI. XXIII, fig. 1, 3-4, 6-9, 12-14; PI. XXIV, fig. 5-14; Fig. 3) 

Leiocidaris sp. nov. Duncan 1887, p. 412. 

?? Bolivina hcntyana Chapman 1916, p. 145-146, fig. 1 

Phyllacanthus duncani Chapman and Cudmore 1934, p. 131-134 ( partim ), PI. 12, fig. 7-8; PI. 15, 

fig. 33 (5 radioles), (non) PI. 12, fig. 9. 

Stereocidaris australiae (Duncan) Chapman and Cudmore 1934, p. 127-130 (partim), (non) 

fig.; H. L. Clark 1946, p. 290 (partim) ; Fell 1954, p. 10-11 (partim). 

Phyllacanthus duncani Chapman and Cudmore, H. L. Clark 1946, p. 282 (partim) ; Fell 1954, p. 

11 (partim). 

(Non) Leiocidaris Australiae Duncan 1877, p. 45, PI. 3, fig. 1-2. 

(Nec) Bolivina hcntyana Chapman auett. (fide Jenkins 1958). 

Diagnosis: A form of Phyllacanthus duncani with radioles ornamented with 
comparatively large, closely spaced granules which are arranged in longitudinal 
series usually for most of the length of the shaft. 

Type Specimen: Holotype P13707, designated by Chapman and Cudmore 
(1934, p. 133, p. 148), ‘Batesford Limestone* (no locality), Batesfordian. 

Description : The ambulacra are narrow (about 16% of the width of the 
interambulacra) and slightly sinuate. The interporiferous tracts are slightly 
narrower than the sunken poriferous tracts, with prominent marginal tubercles 
forming regular vertical series. Toward the ambitus each ambulacral plate is further 
ornamented by 2 smaller internal tubercles which form an inner vertical series. 
The pores are typically subconjugate. 

Usually 6 interambulacral plates are present in each vertical column. The large 
shallow aureoles, mounted toward the centre of each column, are rounded on the 
few uppermost plates, but adorally they become transversely ovate. The uppermost 
tubercle of each interambulacral zone may be rudimentary. On the other plates, the 
primary tubercles are large and prominent and the bosses rise well above the test 
to the wide smooth platforms on which are mounted the large mamelons. The 
scrobicular tubercles are prominent, rarely with secondary tubercles interposed. The 
interambulacral midzone is usually very narrow (c. £ of the width of the zone) but 
in some specimens may be much wider (c. i of the width of the zone). The 
secondary tubercles of the adradial zone and midzone are generally very coarse and 
consequently not abundant, but this again is variable. 

Measurements: The following estimates of dimensions may be made from 
PI9787, one of the only interambulacral zones in which both the adapical and adoral 
terminations are complete: h.d. 43 mm; width of peristome 22 mm; width of apical 
system 17 mm; up to 19 ambulacral plates opposite the highest ambital interam¬ 
bulacral plates. 

Association of Test and Radioles: The radioles of this species are in no 
case known directly associated with the test. The radioles described below as be¬ 
longing to P. duncani duncani occur with the test fragments at a number of 
localities and horizons (eg. Batesford, Flinders Limestone, Lower Maude Beds, 
Point Addis Limestone, Waurn Ponds Limestone) where tests of no other species 
of Phyllacanthus are known to be present, so they may be associated with a con¬ 
siderable degree of confidence. 

Description of Radioles: The radioles are thick and cylindrical, with the 
shaft gently tapering. The neck and collar are both low, never exceeding the 
diameter of the shaft and usually about half this. The shafts of the large radioles are 
ornamented with between 24 and 28 longitudinal series of coarse rounded granules. 
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Proximally these tend to become deranged and more random while distally they 
coalesce to form longitudinal ridges in which the granules are represented by slight 
nodes. The interspaces between the granules are covered with short anastomosing 
cortical hairs. There is a certain amount of variation in the size of the granules, 
which may be separated from their neighbours by interspaces of between about 
half and twice their diameter in the proximal portion of the spine. The milled ring 
and collar are in general longitudinally striate, with the diameter of the milled 
ring usually about 15 times the diameter of the shaft, but in some radioles from 
Batesford (PI. XXIV, fig. 7) the diameter of the milled ring may be expanded to 
twice that of the shaft. The transverse section is typical of Phyllacanthus. 

The maximum length of the radioles appears to have rarely exceeded the h.d. 
of the test. The largest spine in the collection is 70 mm long while the largest test 
fragment in the collection would have had a similar h.d. 

Synopsis of Material : 

Port Willunga Beds and equivalents: 

‘Seaford*, AUGD 15743 and one other test fragment ex R. L. Foster Coll.; 
‘Lower Beds, Aldinga’, P19265-71; 282-3; P19787 (test fragments). 

Point Addis Limestone, Janjukian: 

‘Airey’s Inlet’, PI8811-28 (radioles). 

Waurn Ponds Limestone, Janjukian or Longfordian: 

‘Waurn Ponds’, P19674-5 (radioles). 

‘AW.3, i.e. Calder River Limestone, Janjukian: 

P18993-19004 (radioles) ; P19569-77 (radioles). 

‘AW.4’, ? Calder River Limestone, Janjukian: 

P19013-5 (radioles); ? P19016-22 (radioles—locality uncertain). 

Lower Maude Beds, Janjukian or Longfordian: 

mile S. of Lethbridge on left bank of stream’ (? S.E., ? T.M.3; Singleton 
1941, p. 71, fig. 12), F18482-530 (test fragments and radioles) ; ‘T.M. 1, 2 4’ 
P20011-7 (radioles) ; T.M.3’, F20007-10 (radioles). 

Table Cape, Tasmania, Janjukian: 

‘Crassatella* Beds, P19725-9 (radioles) ; P19662-70 (radioles). 

‘Alkemade’s Quarry, right bank of Porcupine Cr., Kawarren’. P 19145-53 (ra¬ 
dioles), ? Janjukian. 

‘Pte Bore, Allot. 10, Par. Mageppa, 171-180’, GSV 58907 (worn radioles), ? 
Janjukian. 

‘Allots. 1 & 2, Par. Sandford, Sandford Limestone’, GSV 57436 (worn radioles), 

? Janjukian. 

‘Allot. 14, Par. Wataepoolan’ (? Wataepoolan Limestone; Brown’s (1958), p. 13) 
locality XXVI), CPC 4817 (radioles and test fragments), ? Janjukian. 

Batesford Limestone, Batesfordian : 

No locality, PI3706 (paratype), PI3707 (holotype), PI3708 (5 radioles 
figured as paratypes by Chapman and Cudmore, PI. 15, fig. 33), P19780-3 (test 
fragments). Middle Quarry, P19629-36 (radioles). Filter Quarry, P19607-28 
(radioles and test fragments). Upper Quarry, P19516-20 (radioles). 

Flinders Limestone, Flinders, Batesfordian: 

P19912-4 (2 worn interambs. and 1 radiole) ; P20089-92 (radioles) ; P20081-8 
(radioles); P19419-25 (radioles and test fragments); P20094-8 (test frag¬ 
ments) ; PI3864 (test fragments). 

‘Orphanage Hill’, Fyansford Clay, P19758-60 (3 extremely worn and pitted 
radioles which could well have been derived from older horizons), Balcombian. 
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? ‘Marl pit, 250 yds, W. Brook's Quarry, Glencoe’, Gippsland Limestone, GSV 

58908 (test fragment), Batesfordian. 

? ‘Clifton Bank, Muddy Creek’, Hamilton Beds, P19455-8 (isolated interam- 

bulacral plates), Balcombian. 

‘Beneath nodule bed, Beaumaris’, P22303 (test fragment), ? Balcombian. 

The Glencoe test fragment (PI. XXIII, fig. 5) and the small interambulacral 
plates from Clifton Bank (PI. XXIII, fig. 11) may be of a different form. The 
Glencoe specimen differs from P. duncani in that the ambulacral plates are larger, 
and fewer are opposite each interambulacral plate. Another difference, seen par¬ 
ticularly in the specimens from Clifton Bank, is that the primary tubercle is 
relatively smaller than in typical specimens of P. duncani. However, very little can 
be stated positively of the relationships of these immature and incomplete specimens. 

Remarks: The holotype of this species differs markedly from the other avail¬ 
able test fragments in: 

(1) A wider interambulacral midzone which is covered by smaller and more 
numerous horizontally aligned secondary tubercles. 

(2) There would seem to have been more interambulacral plates (7, or per¬ 
haps 8) than is typical. 

So distinctive is the holotype that it was originally thought to be a species dif¬ 
ferent from the remainder of the material. A thorough re-examination of all the 
specimens has convinced me that this separation cannot be upheld; other specimens 
do show a tendency toward the development of a wide interambulacral midzone, 
and a large specimen from the Gambier Limestone (PI3709—Chapman and Cud- 
more’s second syntype of Prionocidaris scoparia, and figured op. cit. PI. 12, fig. 11), 
belonging to the subspecies gambierensis, permits the interpretation of 7 inter¬ 
ambulacral plates in each vertical column. Undoubtedly Chapman and Cudmore 
chose this atypical specimen as the holotype of their P. duncani because they in¬ 
cluded specimens of P. clarkii (Chapman and Cudmore) in the species, and so were 
able to have a type to some extent intermediate between the two. 

The name hcntyana may eventually prove to be applicable to this form. Jenkins 
(1958) has pointed out that the much recorded Victorian foraminiferal species 
Bolivina hentyana Chapman, originally described from the Red Limestone of 
Muddy Creek (i.e. the Bochara Limestone), is based on either the miliary or 
scrobicular spine of a cidarid. Jenkins quotes a letter from Professor IT. B. Fell 
thus—‘The type illustrated in Chapman’s paper looks like a miliary (or perhaps 
scrobicular) spine of a cidarid, and in particular resembles Phyllocanthus and Prio¬ 
nocidaris ; both genera are present in beds from which it comes’ (sic). Fell ap¬ 
parently was also sent similar topotype radioles which Jenkins quotes were iden¬ 
tified as the scrobicular spines of ‘either Phyllocanthus or Prionocidaris , probably 
the former’. This would imply that generic characters may be found in the secondary 
radioles of cidarids, which certainly is not the case. 

Chapman and Cudmore (1933) list neither Phyllacanthus duncani nor their 
t Prionocidaris f scoparia from the Bochara Limestone, and the present collection 
contains neither species from this horizon. As Professor Fell has kindly written 
(6. iii. 61) to say he has no knowledge of Jenkins’s paper, the implied record of 
these species from the Bochara Limestone for the present lacks foundation. 

Of the radioles illustrated by Jenkins, it may be pointed out that if they were 
from a species of Phyllacanthus, then they were derived from a remarkably im¬ 
mature specimen. The problem of the application of the name hentyana may be 
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satisfactorily resolved at some future date by the discovery of the complete test with 
attached radioles, or perhaps even a painstaking investigation of the cidarid re¬ 
mains from the Bochara Limestone. 

Duncan's (1887, p. 412) Leiocidaris sp. nov. is based on an interambulacral 
zone partially obscured by matrix (BM El97). There are 6 interambulacral plates 
in each column, the interporiferous tracts of the ambulacra are narrow and the 
specimen is fully typical of P. duncani. However, this specimen is given as coming 
from Bairnsdale (i.e. Bairnsdale Limestone) whence the species is not otherwise 
known, but where P. clarkii occurs in abundance. Until further material substan¬ 
tiates this occurrence, the record must be treated with caution. 

Two radioles in the collection (PI9612, P19000) show evidence of the work of 
an unknown boring organism. In P19612 (PI. XXIII, fig. 7) the surface granules 
which rise above the cortical hairs are pierced by one, 2 or even 3 minute circular 
holes averaging about 07 mm in diameter. The fact that the borings appear to be 
confined to the granules and do not extend onto the collar and base of the radiole 
suggests that the borings were made during the life of the cidarid. P19000, a worn 
spine from AW.3, appears to possess similarly disposed holes. Records of the 
occurrence of boring parasites in cidarid radioles appear to be rare. Gronwall 
(1900) has reported the occurrence of much coarser borings in the Cretaceous 
Tylocidaris vexilifera, which again appear to have been formed during the life of 
the echinoid (Mortensen 1928, p. 42). Koehler (1926) records the occurrence of 
parasitic gastropods infesting the primary radioles of the living species Stylocidaris 
tiara, but in this case the spines abort and form galls. The only comparable borings 
which appear to have been reported would seem to be those mentioned briefly and 
figured by Bather (1909, p. 181, PI. 11, fig. 334) in the Triassic species ‘Cidaris’ 
dorsata marginata Bather. 

The expanded milled ring, present in some of the radioles from Batesford, is of 
interest (PI. XXIV, fig. 7). Similar expansion is known in the radioles of the 
genus Homalocidaris , but there the feature is consistently developed (in the 2 
specimens known) and so it was considered by Mortensen (1928, p. 137) to be a 
generic attribute. As this expansion presumably can be correlated with an excessive 
development of the muscles of the radioles, in P. duncani it probably should be 
interpreted as a change induced by environment. 

Cidaris opipara Duncan and Sladen (1885, p. 279-281, PI. 44, fig. 1-8), from 
the Miocene Gaj Series of Western Sind, could represent a species almost identical 
with P. duncani should it prove to be a species of Phyllacanthus, The only distinc¬ 
tion which can be seen from the published information is that C, opipara possesses 
a slightly wider, more sparsely tuberculated interambulacral midzone. However, 
if the Phyllacanthus radiole illustrated from the same horizon (Duncan and Sladen 
op, cit. PI. 45, fig. 13-13a) belongs to C, opipara , then P. duncani will differ ob¬ 
viously in the character of the radioles. Cottreau (1908, PI. 5, fig. 8) has illustrated 
a fragmentary radiole identified as ( Cidaris cf. striato-granosa d’Archiac’ from the 
Miocene of Madagascar, the ornament of which closely resembles that of the 
radioles of P. duncani duncani , but the Madagascar radiole need not have belonged 
to a species of Phyllacanthus . The same may also be said of the cidarid radiole 
illustrated by Whitehouse (1924, PI. 1, fig. 1; enlargement of surface detail re¬ 
produced here as PI. XXIV, fig. 4) from the Bajocian of Western Australia, but 
here the comparison is even more striking. 
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Phyllacanthus duncani gambierensis subsp. nov. 
(PI. XXIII, fig. 2, 10; PI. XXIV, fig. 1-3; Fig. 4) 


Phyllacanthus duncani Chapman and Cudmore 1934, p. 131-133 ( partim ), (non) fig. 
Prionocidaris scoparia Chapman and Cudmore 1934, p. 134-135 (partim), PI. 12, fig. 11. (non) 
PI. 12, fig. 10; PI. 15, fig. 

Stereocidaris australiae (Duncan) Chapman and Cudmore 1934. p. 127-130 (partim ). (non) 
fig; H. L. Clark 1946, p. 290 (partim) ; Fell 1954, p. 10-11 (partim). 

Phyllacanthus duncani Chapman and Cudmore, H. L. Clark 1946, p. 282 (partim) ; Fell 1954, p. 
11 (partim). 

Prionocidaris scoparia Chapman and Cudmore, H. L. Clark 1946, p. 286 (partim) ; Fell 1954, p. 
11 (partim). 

(Non) Leiocidaris Australiae Duncan 1877, p. 45, PI. 3, fig. 1-2. 


Diagnosis: A form of Phyllacanthus duncani with radioles ornamented by 
small, widely spaced granules which show little tendency to be arrayed in longi¬ 
tudinal series. 


Type Specimen : Holotype P19525, ‘Railway Ballast Quarry, 7£ miles NNW. 
of Mount Gambier Town’, Gambier Limestone, ? Janjukian. 

Description : The radioles are thick and tapering, but with a slight tendency for 
the shaft to be expanded to reach its maximum diameter 10 mm or so above the neck. 
The acetabulum, milled ring and collar are all slightly worn in the available speci- 



b 

Fig. 4 —Phyllacanthus duncani gambierensis subsp. nov. a, Upper ambulacral plates showing 
simplified ornament (P19604), X 12. b, Upper interambulacral plate of same, X 6. 

mens. The neck is short, usually about half the diameter of the shaft or less. The 
shaft is ornamented by small, well-spaced granules which are arranged in poorly 
defined longitudinal series which are separated by interspaces of about 3 or 4 times 
the width of the granules. The extremities are missing from all the available spines, 
but there appears to be little tendency for the granules to become confluent distally 
to form longitudinal ridges. The interspaces between the granules are covered by 
short anastomosing cortical hairs (PI. XXIV, fig. 3). 

Measurements: Holotype: length 47 mm; maximum width of shaft ST mm; 
width of collar 4 8 mm. 
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Synopsis of Material : 

Gambier Limestone, PJanjukian: 

‘Railway Ballast Quarry, 7\ miles NNW. of Mount Gambier Town’, P19521-32 
(test fragments and radioles including holotype). 

Test fragments of P. duncani from the Gambier Limestone probably belonging to 
this subspecies: 

Nelson, P19604-6 ‘Knight’s Siding Railway Quarry’, near Mount Gambier, 
P19367-8 and P13709 (syntype of Prionocidaris scoparia, illustrated by Chap¬ 
man and Cudmore 1934, PL 12, fig. 11). 

13 radioles from Western Australia will be described elsewhere. 

Remarks: Chapman and Cudmore identified the batch of material including the 
type specimen (9 radioles and 3 test fragments) as ‘Stereocidaris and ? Priono¬ 
cidaris . As they identified all the test fragments of Phyllacanthus duncani from the 
Gambier Limestone as Prionocidaris, it may be inferred that the radioles were re¬ 
garded by them as belonging to Stereocidaris , attesting to their distinctiveness. 
However, Chapman and Cudmore identified identical radioles from W. Australia 
as Phyllacanthus duncani . 

The test fragments which are associated with the radioles at the type locality and 
which occur elsewhere in the Gambier Limestone, are identical with those of P. 
duncani. In the absence of any suggestion to the contrary, all the test fragments of 
P. duncani from the Gambier Limestone are placed in P. duncani gambierensis. 

P. duncani gambierensis apparently represented a geographic or ecologic variant 
of the typical P. duncani. 

Phyllacanthus clarkii (Chapman & Cudmore) 

Chondrocidaris clarkii Chapman and Cudmore 1934, p. 141-142 ( partim ), fig. ( partim ). 

Diagnosis : A species of Phyllacanthus with up to 9 interambulacral plates in 
each vertical column. Interambulacral midzone wide, and covered by fine secon¬ 
dary tubercles arrayed in horizontal series. Interporiferous tracts comparatively 
wide, with 2 vertical series of small internal tubercles inside the large, regular 
marginal series. 

Radioles (not known from the type horizon) expanded above the neck, and 
taper distally; apparently in length they usually exceed the h.d. of the test. 

Remarks: The test on which Chapman and Cudmore based their Chondro¬ 
cidaris clarkii belong to the second common Australian Tertiary species of 
Phyllacanthus. The lectotype (chosen below) possesses an enlarged peristome, sub- 
conjugate pores and the typical scrobicular tubercles of Phyllacanthus. Moreover, 
radioles associated with identical test fragments from various localities in Gipps- 
land are also fully characteristic of the genus. The radioles from Morgan, originally 
associated with the Phyllacanthus tests in the ‘species’ Chondrocidaris clarkii, will 
be discussed in Part II. Chapman and Cudmore met the requirement of pore’con¬ 
jugation for their species of both the genera Chondrocidaris and Prionocidaris by 
including Phyllacanthus tests in their type material. 

Again, 2 subspecies are recognizable in the material, based on the character 
of the radioles, and full synonymies are given under each form. 

Phyllacanthus clarkii clarkii (Chapman & Cudmore) 

(PI. XXV, fig. 3, 5-8; PI. XXVI, fig. 1, 3-4, 6-8; Fig. 2c-d, 5a-b, d-e) 

Chondrocidaris clarkii Chapman and Cudmore 1934, p. 141-142 (partim), PI. 13, fig. 15-17 
(non) PI. 15, fig. 31 (radioles). 
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Phyllacanthus duncani Chapman and Cudmore 1934, p. 131-133 ( partim ), (non) fig.; H. L. 

Clark 1946, p. 182 ( partim ) ; Fell 1954, p. 11 (partim). 

Chondrocidaris clarkii Cnapman and Cudmore, H. L. Clark (1946, p. 284 ( partim ) ; Fell 1954, 

p. 11 (partim). 

Diagnosis: A moderate sized form of P. clarkii with radioles ornamented by 
small and variably spaced granules, usually regularly arranged in longitudinal 
series on the distal half of the shaft, and forming continuous ridges towards the 
termination. 

Type Specimen: The lectotype of Chondrocidaris clarkii here chosen is 
PI3159, the syntype test from ‘Murray River Cliffs, below Overland Corner, 
Lower Beds* (Morgan Limestone, Batesfordian and Balcombian) and figured by 
Chapman and Cudmore 1934, PL 13, fig. 16-17. 

Description of Lectotype: This is a complete test, with the apical system 
missing. 

The ambulacra are narrow (about 15% the width of the interambulacra) and 
slightly sinuate. The interporiferous tracts are relatively wide, about the same width 
as the poriferous tracts, which are only slightly sunken. The large marginal 
tubercles of each plate form a regular vertical series. Toward the ambitus each of 
the ambulacral plates bears small internal tubercles arranged in 2 vertical series, 
but adorally and adapically only one such vertical series is present. The pores are 
typically subconjugate, although their detailed arrangement is not clear. 

9 interambulacral plates are present in each complete column visible. The shallow 
aureoles, mounted toward the centres of the column, are rounded on the upper few 
plates, but become transversely ovate adorally. The primary tubercle is rudimen¬ 
tary on the smallest adapical interambulacral plate of each zone. On the other plates 
the boss is large and prominent, rising well above the level of the test to the smooth 
platform. The scrobicular tubercles, although prominent, are relatively smaller than 
those of P. duncani , and possess the characteristic inner ridge and outer elevation 
of their bosses. The interambulacral midzone is wide (about 20% of the width of 
the interambulacra) and covered by small secondary tubercles arranged in sub¬ 
horizontal series. The median suture is slightly sunken and the horizontal sutures, 
particularly the upper ones, tend to be bare. 

Measurements: The lectotype has the following measurements: h.d., 59 mm; 
v.d. 32 mm; width of apical system 23 mm; width of peristome (inferred) 27 mm. 
There are 15 or 16 ambulacral plates opposite the highest ambital interambulacral 
plate. 

Association of Test and Radioles: No Phyllacanthus radioles from the type 
locality have been discovered in the various collections examined. Chapman and 
Cudmore (1934, p. 133) do record their Phyllacanthus duncani from the Morgan 
Limestone, but their specimens have not been located. The description of the radioles 
given below is based on material from the younger horizons of Bairnsdalian and 
Cheltenhamian age in Gippsland, where radioles occur together with test fragments 
identical with those from the Morgan Limestone. The discovery of radioles from 
the type horizon may necessitate the separation of the Gippsland form from P. 
clarkii clarkii. 

Description of Radioles: The radioles are thick and cylindrical, usually with 
an obvious swelling above the neck, from which the shaft tapers distally to an 
abrupt termination. The neck and collar are both short usually about half the 
diameter at the neck. The ornament of the shaft of the larger radioles is variable 
in the spacing of the small granules (cf. PI. XXV, fig. 5; PI. XXVI, fig. 8), which 
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may be 1-4 times their diameter apart on different radioles. Each granule is 
rounded in outline, but rises to a point which is directed distally. Between 24 and 
40 longitudinal series of granules may be present on the proximal part of large 
radioles. The granules are normally somewhat randomly arranged on the proximal 
i of the shaft, but are serially arranged distally, where they form continuous ridges 
for usually the distal £ of the shaft. The milled ring is usually only slightly ex¬ 
panded to less than times the diameter at the neck. The transverse section is 
typical of Phyllacanthus (Fig. 2d). 

Synopsis of Material : 

Morgan Limestone, Batesfordian and Balcombian: 

‘Morgan 1 , P19S92-3 (test fragments), P13175 (Chapman and Cudmore's 
second syntype of Chondrocidaris clarkii, illustrated op. ext. PI. 13, fig. 15) ; 
‘Murrary River Cliffs below Overland Corner, lower Beds', lectotype. 
Bairnsdale Limestone and probable equivalents, Bairnsdalian: 

‘Cliff on left bank of Tambo River, 2 miles upstream from Swan Reach', 
P18398-404 (test fragments and radioles) ; ‘Toorloo Creek, Toorloo Arm of 
Lake Tyers', P18365-75 (test fragments and radioles) ; ‘Bairnsdale', P20108-19 
(radioles), P4672-3 (test fragments); ‘Yellow Limestone, Mitchell River 
opposite Bairnsdale', P19684-9 (radioles); ‘Tramway cutting, Geol. Surv. Map. 




d e 

Fig. 5 —Phyllacanthus clarkii (Chapman & Cudmore). a, Ambital ambulacral plates (P19892), 
X 15. b, Ambital ambulacral plates (P4672), X 10. c, Ambital ambulacral plates 
(P19166), X 10. d, Enlargement of ridged scrobicular tubercle (P18398), X 25. e, 
Profile of small interambulacral plate (P18398). a-b, d-e, P. clarkii clarkii (C. & C.); 
c, P. clarkii impensus subsp. nov. 

Loc. 6' (i.e. Mississippi Creek), P18405-26 (radioles). 

Tambo River Formation, Cheltenhamian: 

‘Road cutting on left bank of Tambo River, 100 yds S. of Swan Reach Bridge' 
P19044-66 (radioles). 
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Mordialloc Beds, Cheltenhamian: 

‘Loose in the shingle at Beaumaris’, P19671-3 (3 worn radioles) : ‘Beaumaris’, 

BM E17854-6 (radioles). 

AUGD 15727, a test fragment of uncertain horizon from the St Vincent Basin 
sequence, belongs to P. clarkii. 

Remarks: One radiole from the Mitchell River (P19684; PI. XXVI, fig. 4a) 
shows a peculiar distal constriction of the shaft. Currie (1924, PI. 4, fig/22) has 
illustrated a similarly constricted radiole from the Pliocene of the Aru Islands. (In 
fact, this and another of the radioles figured by Currie (fig. 20) strongly resemble 
those of P. clarkii, although there is no indication that the Aru radioles belong to 
Phyllacanthus .) 

Undoubtedly one would consider these the result of rejuvenation after breakage, 
had not Mortensen (1928, p. 27-28) so categorically denied even the possibility 
of rejuvenated cidarid radioles. A longitudinal section of the radiole was ground to 
see if this could throw any light on the problem (Fig. 2c). This showed that, while 
the cortical layer is more or less continuous onto the constricted distal portion of 
the shaft (some of the outer longitudinal ridges are, some are not), there is a 
definite discontinuity within the zone of the radial lamellae. Within the axial 
‘medullary’ region of the radiole are a number of irregular voids, the largest of 
which extends well into the radial zone along the discontinuity between the constric¬ 
ted and non-constricted portions of the shaft. 

Thus a possible interpretation consistent with Mortensen’s view is that the 
radiole was damaged or broken, but not to the extent that the distal portion was 
removed, or that the spine was shed by the animal. The tissue of the distal portion 
of the radiole became diseased and/or died (attested to by the voids) while the 
proximal portion continued to grow until ultimately the urchin died, or the radiole 
was shed. This explanation would be more convincing were the radiole from a Re¬ 
cent cidarid, in which the possibility of secondary effects could be ruled out. 

Fell (1954, p. 51) records a test fragment from the Middle Miocene of Wepa 
Pass, New Zealand, which is apparently very close to P. clarkii. It is described as 
possessing similar ambulacra to P. titan Fell (i.e. the same as P. clarkii ) and with 
a broader interambulacral midzone than is typical of that species. 

Phyllacanthus clarkii impensus subsp. nov. 

(PI. XXV, fig. 9-10; PI. XXVI, fig. 2, S, 9; Fig. Sc) 

Phyllacanthus duncani Chapman and Cudmore 1934, p. 131-133 ( partim ), PI. 12, fig. 9 {non) 

fig. 7-8, {non) PI. IS. 

Phyllacanthus duncani Chapman and Cudmore, H. L. Clark 1946, p. 282 {partim) : Fell 
’ 1954, p. 11 {partim). 

Diagnosis: A large form of Phyllacanthus clarkii with long tapering radioles, 
slightly expanded above the neck, and ornamented by very coarse, closely spaced 
granules lacking serial arrangement for most of the length of the shaft and coalescing 
in low ridges only close to the distal termination of the shaft. 

Type Specimen: Holotype radiole P19172, ‘Beach at Port McDonnell, S.A., 
300 yds easterly from the dune-rock cliffs west of the town, below high tide mark’, 
Gambier Limestone, ? Longfordian. 

Description : The radioles are massive, long and tapering with a slight swell¬ 
ing of the shaft immediately above the neck. The neck is short, never exceeding half 
the diameter of the shaft. The surface of the shaft is ornamented by extremely coarse 
rounded granules which are very closely mounted so that they are never separated 
pi 
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by interspaces greater than their diameter. The granules are randomly arranged 
usually for well over half the length of the shaft, and form low ridges distally only 
for a very short distance. The interspaces between the granules are covered by 
short, anastomosing cortical hairs. The diameter of the milled ring is only slightly 
greater than that of the shaft. The transverse section is typical of Phyllacanthus. 

The length of the radioles is apparently about 1 * S times the h.d. of the test. The 
largest radiole fragment has a length of 113 mm whereas the largest test fragment 
came from a test with a h.d. of approximately 80 mm. 

Test fragments from the type locality, although considerably larger, are in all 
significant details identical with those for P. clarkii clarkii. A feature not seen in 
this subspecies, however, is that the secondary tubercles of the interambulacral 
midzone are all distinctly mamillate, but this would appear merely to attest to 
large size and fine preservation. 

Measurements: Holotype P19172, length (incomplete) 89 mm; width of 
neck 5 mm; maximum width of shaft 6 mm. 

Synopsis of Material : 

Gambier Limestone, at Port McDonnell, ? Longfordian: 

P19162-73 (test fragments and radioles including holotype, perhaps all derived 

from one test), P13705 (a test fragment originally designated a paratype of 

Phyllacanthus duncani by Chapman and Cudmore 1934, and illustrated op. cit. 

PI. 12, fig. 9), P13876 (test fragment of unknown locality, probably from the 

Gambier Limestone). 

Remarks: The radioles of this subspecies are the largest cidarid spines known 
from the Australian Tertiary rocks. They are longer than those of any living 
species of Phyllacanthus (74 mm for P. imperialis and 80 mm for the more slender 
spines of P. longispinus) and are almost comparable in length to the massive 
radioles of P. titan from the Oligocene of New Zealand. Fell (1954) estimates the 
length of these to be of the order of 200 mm, although the largest fragment available 
appears to have a length of 81 mm. The radioles of P. clarkii impcnsus appear to 
resemble closely those of P. titan although the test possesses a much wider inter¬ 
ambulacral midzone. H. L. Clark (1946, p. 282) compared the test of this form, 
illustrated as P. duncani by Chapman and Cudmore, with P. magnificus because of 
this feature. This, however, is the only possible basis of comparison between the 
species. 

Chapman and Cudmore (1934, p. 132) considered there to be ‘four vertical 
rows of tubercles' on the interambulacral plates of the test of this subspecies (re¬ 
garded as a ‘senile' form of their P. duncani). This, although very rarely met with 
(Fig. 5c), is never consistently developed for the ambulacra are identical with those 
of P. clarkii clarkii. 

The ornament of the radioles again affords the distinction between the two 
subspecies, although these are slightly expanded above the neck similar to those of 
P. clarkii clarkii, in contrast with those of P. duncani and P. serratus sp. nov. 
P. clarkii clarkii would seem to be descended from P. clarkii impcnsus. Fell (1954) 
notes that the radioles of his P. titan from older horizons ‘have a more pronounced 
granulation of the cortex' than do those from the younger horizons. This suggests 
that a similar trend may be present in the New Zealand species. 
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Phyllacanthus serratus sp. nov. 

(PI. XXV, fig. 1-2, 4; Fig. 2e) 

Phyllacanthus duncani Chapman and Cudmore 1934, p. 131-3 ( partim ), (non) fig. 
Phyllacanthus duncani Chapman and Cudmore, H. L. Clark 1946, p. 282 ( partim ) ; Fell 1954, 

p. 11 (partim). 

Diagnosis : A form of Phyllacanthus with small uniformly tapering radioles, 
ornamented by longitudinally aligned granules which coalesce to form high, widely 
spaced ridges. The shaft has a definite serrated appearance. 

Type Specimen: Holotype P19691, ‘Upper beds, Aldinga’, i.e. Hallet Cove 
Sandstone of Middle Pliocene age. 

Description of Radioles : The radioles are small and cylindrical or with a 
gently tapering shaft. The neck and particularly the collar are long, with the neck 
usually slightly less than the diameter of the shaft, while the length of the collar 
may be over twice that of the neck. The shaft is ornamented proximally by between 
14 and 20 longitudinally aligned rows of granules. These may be strongly aligned 
for the whole length of the shaft while distally they may form high ridges which 
may bear the granules. The granules are themselves high, and, although rounded 
in outline, rise to distally directed points which give a serrated appearance to the 
spine. Between the granules there is a spongy mass of fine cortical hairs. The trans¬ 
verse section (Fig. 2e), in which the radial lamellae arise in bundles from the axial 
zone, is fully typical of Phyllacanthus. 

Measurements: Holotype, length 25 mm; maximum width of shaft 3 5 mm; 
width at milled ring 3 8 mm. 

Synopsis of Material : 

‘Upper beds, Aldinga’, i.e. Hallet Cove Sandstone, P19690-8 (radioles), Middle 

Pliocene. 


Remarks: Chapman and Cudmore (1934) included these radioles from the 
Hallet Cove Sandstone in their first group of Phyllacanthus spines (i.e. with an ex¬ 
panded shaft above the neck—the group thus roughly corresponding with the 
radioles of P. clarhi). However, the small radioles do not belong here because they 
have uniformly tapering shafts, suggesting rather a comparison with P. duncani. 
Unlike P. duncani. however, the granules of the shaft rise to distally directed points 
and are much further separated (PI. XXV, fig. 4). In the absence of knowledge of 
the test of this species nothing further can be said of its relationship to the other 
Australian Tertiary forms; it does seem likely that this form will prove to be a 
subspecies of one of the other Tertiary species. 

The radioles are very different from those of any of the living Australian rep¬ 
resentatives of Phyllacanthus-, however, P. forcipulatus Mortensen (1936, p. 307-9, 
Pis. 10-12), from the Indian Ocean, has almost as coarse longitudinal ridges on the 
radioles. 
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Explanation to Plates 

Figures X 1 unless otherwise stated 

Plate XXI 

Fig. 1-2, 4-8 —Stylocidaris (?) scoparia (Chapman & Cudmore). (1) Test fragment P19297, 
Aldinga Port WiJJunga Beds, X 2; (2) Adapical view of lectotype AUGD T360, 
£ ort WjHunga Beds; Ambita l Plates of lectotype, X 3; (5) Radioles 
P 9565-7 Port Wjllunga Beds, ’Aldinga’; (6) Radiole CPC 4813, ‘Allot. 14, Par. 
Wataepoolan, ? Wataepoolan Limestone, Janjukian; (7) Radioles P19676-8, ‘Waurn 
Ponds, . Janjukian; (8) Enlargement of shaft of radiole P19566, showing cortical 
hairs, Aldinga, Port Willunga Beds, X 5. 

Fig. (?) ip. cf. S. (?) scoparia (Chapman & Cudmore). 4 radioles P19597-8, 

19600, 19757, Point Flinders, Aire Coast’, Lower Glen Aire Clays, ‘Pre-Jan jukian’. 

Plate XXII 

Fig. 1-2, 5 9—Eucidoris strombilatafelli subsp. nov. (1) Radioles P18540-2, ‘Lethbridge’, ? 

Janjukian; (2) Radioles PI8830-1, ‘Airey’s Inlet’, Janjukian; (5) Holotype P19958, 
Waurn Ponds, Janjuk.an, X 5; (9) Large radiole GSV 58906, ‘Pte Bore Allot. 
10, Par. Mageppa’, ? Janjukian, X 2. 

Fig. 3-4 Phyllacanthus duncani Chapman & Cudmore. (3) Test fragment P22303 ‘Beneath 
nodule bed Beaumaris' ? Balcombian, X 2; ( 4 ) Interambulacral zone AUGD 15743 
(<\r R. L. Foster Coll.), Seaford’, Port Willunga Beds, X 2. 

Fig. 6-8 Stylocidaris (?)chaj»wni sp. nov. (6) Holotype P18908, ‘lower beds, AW. 5’, ? 

Browns Creek Clays, Pre- Janjukian’, X 2; (7) Radioles P18917, 24-26, 30-31, 
lower beds, AW. 5’; (8) Surface detail of radiole P18915, showing the thick coat of 
strong anastomosing cortical hairs, ‘lower beds, AW. 5’, X 5. 

Plate XXIII 

Fig. 1, 3-4, 6-9, 12-14— Phyllacanthus duncani duncani Chapman & Cudmore. (1) Test frag- 
mentP13864, ‘Flinders’, Batesfordian; (3) Isolated interambulacral plate P19426, 
Flinders, X 2; (4) Holotype P13707, ‘Batesford’; (6) Test fragment P20097, 
Flinders ; (7) Radiole showing borings P19612, ‘Batesford’, X 5; (8) Test frag¬ 
ment PI9782, Batesford’; (9) Isolated interambulacral plate P19607, with wide 
interambulacral midzone, ‘Batesford’, X 2; (12) Test fragment P19781, ‘Batesford’, 
X 2; (13) Test fragment P19787, ‘lower beds, Aldinga’, ? Port Willunga Beds: (14) 
Para type PI 3706, ‘Batesford’. 

Fig. 2, 10— Phyllacanthus duncani gambierensis subsp. nov. (2) Test fragment P19367; (10) 
Test fragment PI9368. Both from ‘Quarry, Knight’s Railway Siding, near Mt. 
Gambier’, ? Janjukian. 

Fig. 5, 11— Phyllacanthus duncani Chapman & Cudmore (?) (5) Test fragment GSV 58908, 
‘250 yds W. of Brock’s Quarry, Glencoe’, Batesfordian, X 2; (11) Isolated inter¬ 
ambulacral plate PI9455, ‘Clifton Bank, Muddy Creek’, Balcombian, X 2. 


Plate XXIV 

Fig. 1-3 —Phyllacanthus duncani gambierensis subsp. nov. (1) Holotype P19525; (2) Radioles 
P19524, 26-28; (3) Surface detail of holotype, X 5. Specimens from miles NNW. 
of Mt Gambier’, ? Janjukian. 

Fig. 4— ■Cidaris* sp. Enlargement of surface detail of radiole from the Bajocian of Western 
Australia, X 6. (From Whitehouse 1924, PI. 1, hg. lb.) 

Fig. 5-14 —Phyllacanthus duncani duncani Chapman & Cudmore. (5) Surface detail of radiole 
P19616, ‘Filter Quarry, Batesford’, X 5; (6) Radioles P 19569-71, ‘AW. 3’, Janjukian; 
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(7) Radioles P19629-30 with expanded milled rings, 'Middle Quarry, Batesford’; (8) 
Radioles P18811-2, ‘Airey’s Inlet’, Janjukian; (9) Radioles P18487-8, ‘i mile S. of 
Lethbridge’, ? Janjukian; (10) Radioles P19662-3, 'Lower Beds, Table Cape’, Jan¬ 
jukian; (11) Radioles P19145-6, ‘Kawarren’, ? Janjukian; (12) Radiole P20081, 
‘Flinders’, Batesfordian; (13) Radioles P19516-8, ‘Upper Quarry, Batesford'; (14) 
Radioles P19611-6, ‘Filter Quarry, Batesford’. 


Plate XXV 

Fig. 1-2, 4— Phyllacanthus serrafus sp. nov. (1) Radioles P19690, 92-95; (2) Holotype 
P19691; (4) Surface detail of holotype, X 5. Specimens from the Middle Pliocene 
Hallet Cove Sandstone at Aldinga. 

Fig. 3, 5-8— Phyllacanthus clarkii clarkii (Chapman & Cudmore), (3) Lectotype test P13159, 
‘Lower Beds, Murray River Cliffs, below Overland Corner’, ? Balcombian; (5) 
Shaft of radiole P18400, ‘Tambo River Cliff’, Bairnsdalian, X 5; (6) Test fragment 
P19892, ‘Morgan’, ? Balcombian, X 2; (7) Test fragment AUGD 15727, ‘Aldinga’ ? 
Port Willunga Beds, X 2; (8) Test fragment P4672, ‘Bairnsdale’, Bairnsdalian. 

Fig. 9-10— Phyllacanthus clarkii tmpensus subsp. nov. (9) Test fragment P19166, ‘Port Mc¬ 
Donnell’, Gambier Limestone, ? Longfordian horizons; (10) Enlargement of same, X 

Plate XXVI 

Phyllacanthus clarkii (Chapman & Cudmore) 

Fig. 1, 3-4, 6-8— Phyllacanthus clarkii clarkii (C. & C.). (1) Radioles P19044-9, ‘Road cutting 
downstream from Tambo Bridge’, Cheltenhamian; (3) Radioles BM El7854-6, 
‘Beaumaris’, Cheltenhamian; (4a) Constricted radiole P19684; (4b) radiole P19685, 
‘Bairnsdale’, Bairnsdalian; (6) Radioles P18405-7, ‘Tramway Cutting Loc. 6*. 
Bairnsdalian; (7) Radioles P18366-7, ‘Toorloo Creek’, Bairnsdalian; (8) Shaft of 
radiole with closely spaced cortical granules, P19059, ‘Tambo River’, Bairnsdalian, X 5. 

Fig. 2, 5, 9— Phyllacanthus clarkii tmpensus subsp. nov. (2) Radioles P19173; (5) Holotype 
P19172; (9) Shaft of radiole PI9168, X 5. Specimens from ‘Port McDonnell’, 
Gambier Limestone, ? Longfordian horizons. 
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THE PARRYING SHIELDS OF SOUTH-EAST AUSTRALIA 

By Aldo Massola 

Introduction 

When first contacted by Europeans, the aborigines of SE. Australia were in 
possession of 2 types of shields. One, relatively wide, very thin in section, and light 
in weight, was used to ward off spears; the other, relatively narrow in plan, deep 
in section, and heavy in weight, was used to parry blows from clubs. 

It is with the second type that this paper is concerned. 

Judging by the sporadic occurrence of this kind of shield in many parts of the 
world we must conclude that it is polygenetic. However, as far as SE. Australia is 
concerned, it is possible that its immediate prototype was in New Guinea as a shield 
of this nature has been reported from the Whagi Valley and Kowan, in the Western 
Highlands (Aufenanger 1957). 

If this type of shield was introduced, when or how it reached Australia is a 
question which cannot be definitely answered at present, but, judging from the re¬ 
cent distribution, there must have been two quite distinct entries. One, at an earlier 
period, would account for the shields in the SE. of the continent, while the second, 
probably a later arrival, would account for those found in a small area in the NW. 
of Western Australia. 

However, there is no concrete evidence to show that the southern parrying 
shields were so introduced, and their typology and distribution seem to indicate 
that they, in fact, originated in SE. Australia. This view is further strengthened by 
the fact that the wooden club, against which the parrying shield was a counter, 
was a prominent feature in the armoury of the aborigines of this part of Australia. 

In any case, these shields were clearly a comparatively old item in the native 
material culture, as is attested by their wide distribution, and by the fact that they 
existed in at least 3 main types and several sub-varieties. 

In this paper an attempt has been made to ascertain the range and distribution 
of these 3 types. For this purpose the shields in the collections of the Australian 
and the McLeay Museums in Sydney, the South Australian and the Queensland 
Museums and the National Museum of Victoria, have been examined. 

In preparing a distribution map the tribal boundaries as delineated by Tindale 
(1940) were used. The distribution of the shields was found to follow almost 
natural boundaries, both physically, as applying to the configuration of the land, and 
sociologically, as applying to the tribal contacts and alliances. These boundaries are 
therefore the likely limits of the distribution of the shield types, and seem to confirm 
the correctness of the distribution as plotted in Fig. 2. 

Evidence from specimens in Museum collections 

The provenance of the specimens in collections is correctly known in only a 
comparatively small number of cases. Mostly registration books simply state: 
‘Murray River' or ‘From New South Wales' or some such incomplete legend. 
Obviously, specimens so labelled cannot be accepted as evidence. Others are marked 
with only the name of the town or city where they were purchased. For instance, 
in the National Museum collection, a number of specimens are labelled ‘Warrnam- 
bool'. The registration book states that these examples were obtained from the 
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Warrnambool Museum by exchange. Having no authentic recorded locality, a 
former curator wrongly labelled them ‘Warrnambool*. Thus, for the purpose of this 
paper, the provenance ascribed to every specimen has had to be closely examined 
and many beautiful examples have been discarded through lack of evidence of 
precise locality. 

The shields attributed to the Yarra tribe (the Woewurong) who formerly 
occupied the site of Melbourne, present a real problem, as examples of most types 
are included among them. When the first colonists arrived, the tribes and groups 
inhabiting the country for a considerable distance from the new settlement gravi¬ 
tated to it. It is recorded that, at one time, groups from the Western District, the 
Murray and Goulburn R., and from Gippsland, as well as what was left of the 
Yarra and Coast tribes, were all assembled there. It is obvious that many shields 
must have been traded to the whites, and these would be referred to indiscriminately 
as obtained in Melbourne. Because of this unsatisfactory condition the shields 
attributed to the Yarra tribe and those labelled ‘Melbourne* have been ignored in 
the present study. The Woewurong, or Yarra people, were allied to, and obtained 
their wives from the Goulburn River blacks; the social institutions of the 2 tribes 
differed very little, and there can be no doubt that their material cultures were 
analogous. Because of these facts I have assumed that the shields of the Melbourne 
tribe were identical with those used on the Goulburn R. 

Historical Evidence 

None of the early navigators or voyagers described the shields they saw in 
possession of the natives. Cook, Baudin, White, and Tench, who were generally 
reliable and first-class observers, merely stated that the natives around Botany and 
Broken Bays had 2 types of shields. Collins (1802) was a little more specific, and 
stated that one of these 2 shields, called Ta-war-rang by the natives, had the handle 
on one side while the 2 other sides were engraved with wavy lines. 

The inland explorers, likewise, are of no help in the identification of shield types. 
Only Mitchell (1839) provides an illustration of a shield, which he calls Eleeman; 
unfortunately, he does not say from where it was obtained, simply referring to it 
as used by the natives of Australia. Actually, the word Eleeman was the Botany 
Bay name for the spear-shield, though this word was later used by Europeans 
when referring to shields of either type. 

In 1847, Angas published his ‘South Australia Illustrated*, in which he 
figured a shield from L. Frome, although he did not give it a name. It is a parrying 
shield of the Mulka type. 

Later students of the aborigines did not give much time to the study of shields, 
the only exceptions being Etheridge (1894 and 1896) and Eylmann (1908). The 
latter illustrated and described those used by the Narrynieri of SE. South Australia. 

Brough Smyth (1878) illustrated and described the Victorian types; however, 
he was a recorder rather than observer, and in the matter of shields was somewhat 
led astray by his informants. The shields illustrated by him in his ‘Aborigines of 
Victoria* are now in the collections of the National Museum of Victoria. 

Linguistic Evidence 

As stated, Collins called the parrying shield Tawarrang. He was the only one 
amongst the early navigators, explorers or settlers to give this shield a name. The 
most reliable authority amongst the later writers was Curr (1886). He compiled 
comparative lists of common words used by the aborigines from all parts of Austra¬ 
lia, and he gave the word Murka, Mulka, Mulga, Mulgera and variants of all these, 
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as denoting ‘shield’ in a number of languages, stretching from the Dawson, Fitzroy 
and Isaac R. in Queensland across to the Warrego and Macquarie; thence down 
the Darling in N.S.W., across the Murray into the Western District of Victoria, 
and down the Hopkins and Glenelg R. to Portland and Warrnambool. To the W. 
it extended to Mt Gambier and the Coorong in South Australia, also to the lower 
Murray and L. Alexandrina, and to the E. along the Murray as far as Echuca and 
along the coast as far as the Yarra R. 

A difficulty in accepting linguistic evidence for the distribution of shield types 
is the possibility of all variants of the word not meaning the same type of shield. 
For instance, the Gippsland type is called Drunmung by Brough Smyth, but this 
word does not appear in Curr’s lists, the name given by him being Bamerook. 
Bamerook, however, according to Bulmer (1878) refers to the spear-shield and 
not to the parrying-shield of Gippsland. On the other hand, the parrying shield 
illustrated by Brough Smyth, and called by him Drunmung, from the Western 
District of Victoria, is in reality the Gippsland type, for which I find no evidence of 
a Western District occurrence. Bulmer states that the parrying shield is called 
Murraga by the natives of Gippsland. I find no evidence of the Western District 
Mulka having been used there. 

Types and Varieties 

3 types are easily recognizable: 

(1) The shield, known as the Mulka (Fig. 1A) has a distinctly triangular 
cross section, the 3 faces being flat. The outer face, actually the base of the triangle, 
is generally ornamented with typical SE. motifs, such as engraved diamonds, 
chevrons, or wavy lines. The handle is carved from the solid by removing a section 
of wood from the body of the angle forming the apex of the triangle. 

(2) At its extreme SE. limit of distribution, in Central Victoria, the outer 
face of the shield tends to change, becoming gently convex to rounded (Fig. ID) 
or to develop a longitudinal ridge along the centre (Fig. IE). In its fullest 
evolution, this ridge causes the shield to become bow-shaped in profile, and quad¬ 
rangular or diamond-shaped in cross section. This gives rise to the second type, 
which we must call l awajrang’, and not Drunmung, as this was the name first 
used for it by Collins in 1798. The 2 front faces are ornamented, the central ridge 
being left undecorated as if in readiness to receive blows from clubs; the handle is 
cut through the 2 back faces. The Tawarrang gave rise to 2 varieties, in one 
(big. IF) the shield became flattened laterally and acquired a central boss though 
still retaining the side ridges. This type occurred down the Murray from Echuca 
and up the Darling. The second variety (Fig. 1G) lost the lateral ridges and became 
oviform in cross section and bowed in profile, thus absorbing the central boss. This 
type occurred along the Murray R. E. of Echuca, along the Mitchell R. and the 
Gippsland Lakes, and N. along coastal N.S.W. at least as far N. as the Manning 
R. 

(3) The fullest development of the rounded face is seen in the shields from 
the N. parts of Central Victoria and along the W. side of the Great Dividing Ra. 
of N.S.W. In this third or ‘domed’ type (Fig. 1C.), the triangular cross section is 
completely lost and except for the handle itself, which projects from the back of 
the shield, the apex of the triangle is flattened. The front face is convex and has a 
raised central boss, and in some examples is ornamented with incised designs, 
whilst in others it bears only the characteristic New South Wales surface ‘tooling’. 
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Conclusions 

The crudest of these 3 types was the Mulka, and it appears to have been the 
original from which the other 2 evolved. The steps by which this mutation took 
place are easily followed in the diagram (Fig. 1) which was drawn from specimens 
in the collection of the National Museum of Victoria. 
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Central Queensland, S. across Central and Western N.S.W., across the Murray 
into the Western District of Victoria, as far W. as L. Alexandrina in South Aus¬ 
tralia and as far E. as the Yarra R. and Echuca in Victoria. 

At a later period, in E. New South Wales W. of the Dividing Ra., the Mulka 
developed into the shield which, for want of the native name, we may call the 
‘domed type', referring to the ‘domed' outer face of the shield (Fig. 1C). Another 
development occurred along the Murray R., where the Mulka gave rise to the 
Tawarrang, of which there are 2 varieties, the quadrangular, centred on the 
Darling, and the oviform, centred in Gippsland. 

The distribution map (Fig. 2) shows that the more highly developed shields 
were confined to an area in the SE. of the continent, and that the more simple or 
primitive examples were peripheral to this area. Such a distribution clearly in¬ 
dicates that this item of the aborigines material culture originated and was developed 
in the SE. and was not introduced from New Guinea or elsewhere. 
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ANNUAL REPORT OF THE COUNCIL FOR THE YEAR 1962 

The President and Council present to members of the Society the Annual Report 
with Financial Statement for the year 1962. 

The following meetings of the Society were held: 

MARCH 8—ANNUAL MEETING. The following office-bearers were elected: 

President —Dr R. R. Garran. 

Vice-Presidents —Mr R. T. M. Pescott, Dr D. E. Thomas. 

Honorary Treasurer —Mr L. Adams. 

Honorary Secretary —Mr E. D. Gill. 

Honorary Librarian —Assoc. Professor C. M. Tattam. 

Assistant Secretary —Dr A. C. McLaren. 

The following members of Council were elected: 

Mr J. H. Chinner, Mr H. C. Chipman, Dr B. D. Cuming (for one year). 

Dr J. D. Morrison, Dr C. E. Resch, Dr F. L. Stillwell and Mr A. G. Willis. 

Mr V. G. Anderson, Mr W. Baragwanath, Captain J. K. Davis, Assoc. 

Professor G. W. Leeper and Professor J. S. Turner continued in office. 

The Annual Report with Financial Statement for 1961 was received and adopted. 
Upon conclusion of the Annual Meeting an ORDINARY MEETING was held, 
when Mr K. Grant and Mr J. H. Weymouth spoke on ‘Some problems associated 
with the use of Victorian brown coals*. 

MARCH 23—A SPECIAL LECTURE by Professor B. J. Bok on ‘Our 
expanding universe* was held in co-operation with the University of Melbourne, 
Institute of Applied Science and astronomical societies in the Public Lecture Theatre, 
University of Melbourne. 

APRIL 12—LECTURE: ‘Chemical aspects of flavour, with special reference to 
the chemistry of hop constituents, and the metabolic products of yeast* by Dr R. P. 
Hildebrand. 

MAY 10—LECTURE: ‘Asiatic connections of the Australian Stone Age* by 
Mr D. J. Mulvaney. 

JUNE 14—SYMPOSIUM: ‘Current research in mixed eucalypt foothill forests*. 
‘Nature and significance of the forests* by Mr A. J. Leslie, ‘Studies in water avail¬ 
ability* by Mr E. R. Hopkins, and ‘Studies in plant nutrition* by Mr P. M. Attiwill. 

JULY 12—RESEARCH PAPERS: ‘Description of a new species of Bonellia 
from Victoria* by Miss B. J. Nielsen, ‘Nut-like impressions attributed to aquatic 
dicotyledons from Victorian Mesozoic sediments* by Mr J. G. Douglas, ‘The 
Devono-Carboniferous fauna of the Silverband Formation, Victoria’ by Dr J. A. 
Talent and Dr D. Spencer-Jones, ‘The Tertiary echinoids of SE. Australia I* by 
Dr G. M. Philip, ‘Stratigraphy and sedimentation in the Geelong-Maude area* by 
Mr J. M. Bowler, and ‘Relationships between Mitchellian, Cheltenhamian and 
Kalimnan Stages in the Australian Tertiary* by Mr R. W. T. Wilkins. 
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AUGUST 9—LECTURE: ‘Modernizing wool textiles with the aid of chem¬ 
istry’ by Dr A. J. Famworth. 

SEPTEMBER 13—LECTURE: ‘Science for defence’ by Dr W. A. S. Bute- 
ment. 

OCTOBER 11—LECTURE: ‘Soil mechanics and some of Melbourne’s founda¬ 
tion problems’ by Dr G. D. Aitchison. 

NOVEMBER 8—SOIREE: reception, exhibits, scientific films and illustrated 
short talks on ‘Science and bushfires’ by Dr A. C. McLaren and Mr P. Temple, 
and ‘Growing artificial crystals’ by Dr Rachinger. 

DECEMBER 13—RESEARCH PAPERS: ‘On the tectonic stresses in the 
vicinity of a valley and a mountain range’ by Professor A. E. Scheidegger, ‘Petro¬ 
logical and thermo-magnetic observations in Cainozoic basalts from Drouin South, 
V.’ by Mr W. G. Mumme, ‘Victorian species of Gleicheniaf by Mrs S. L. Thrower, 
‘The parrying shields of SE. Australia’ by Mr A. Massola, ‘A review of the 
sequence of Buchia species in the Jurassic of Australasia’ by Dr R. O. Brunnsch- 
weiler, and ‘Snowy River Volcanics west of Buchan, V.’ by Mr K. Fletcher. 
Professor Sir Samuel Wadham and Dr C. E. Resch were appointed Honorary 
Auditors. 

The number of members at 31 December 1962 was: Honorary 2, Life Members 
21, Members 281, Country Members 27, Associates 71, making a total of 402. This 
is a record figure for membership. 

During the year 2,576 volumes and parts were added to the library. 

Attendances at the Council meetings were: Adams 6, Anderson 8, Baragwanath 
2, Chinner 2, Chipman 8, Cuming 5, Davis 6, Garran 10, Gill 10, Leeper 8, McLaren 
6, Morrison 5, Pescott 2, Resch 7, Stillwell 10, Tattam 10, Thomas 7, Turner 1, 
Willis 1. Leave of absence was granted during the year to Dr Morrison and Mr 
Pescott. 

The Society deeply regrets the loss during the year of the following Members 
and Associates: 

HENRY RAINEY BALFOUR, who died on 30 January 1962, was the 
youngest son of the Honourable James Balfour, m.l.c., and Mrs Balfour (Francis 
Henty of Portland). Bom in 1875, he was educated at ‘Glamorgan’ in Toorak and 
served a business apprenticeship under his father, later becoming a successful grazier 
at Culcairn, N.S.W. He was devoted to music, and became Victorian President of 
the Organists’ Society and President of the British Music Society. From 1931 he 
served for 26 years on the Council of the Working Men’s College, now the Royal 
Melbourne Institute of Technology, being President in 1935 and joint Honorary 
Treasurer for eight years. Anthropology was his hobby, and in his lifetime he 
brought together a most valuable collection of some 20,000 Australian aboriginal 
artefacts from all parts of Australia. This unique collection was bequeathed to the 
National Museum of Victoria, of which he was an Honorary Worker in Anthro¬ 
pology. 

PAUL FISCH was born at Buehler, Switzerland, in 1908 and died on 6 April 
1962. After education at the Schwand Agricultural College, he came to Australia in 
1928, learned Australian methods of orcharding, then returned to Switzerland to 
marry. Settling in Australia again in 1934, he applied his knowledge of natural 
history to orcharding, to the activities of the Field Naturalists’ Club, and to the 
Society for Growing Native Plants. He made numerous natural history excursions 
round the State, collecting much valuable material. As Honorary Secretary of the 
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Junior Field Naturalists’ Club, he gave notable service in developing an under¬ 
standing and love of nature in young people. 

WALTER HANKS was born on 2 April 1888, and died in Melbourne on 
29 December 1962. He was a member of the Society from 1930 to 1962. Two 
papers published by him in our Proceedings attest his interest in geology. He 
possessed a remarkable ability for independent thought. When studying basalts north 
of Melbourne he melted a few hundredweight in a furnace and watched its behaviour 
for himself. During his later years he travelled widely in all continents of the world, 
and made many original observations on the places he visited. 

NORMAN THOMAS HARDING, bme, who died on or about 28 Sep¬ 
tember 1962, was educated at Wesley College and the University of Melbourne, 
graduating as Bachelor of Mining Engineering in 1923. After working with the 
Broken Hill Proprietary Company and at Mount Lyell he joined the State Rivers 
and Water Supply Commission of Victoria, later transferring to the Mines Depart¬ 
ment. In 1939 he left for South Africa and for the next nine years worked as a 
mining engineer on the Witwatersrand gold field. Returning to Victoria in 1948 
he rejoined the State Rivers and Water Supply Commission as a geologist, being 
particularly well suited for this post with his background of engineering and geology. 
It was while engaged on water supply investigations in the Woods Point district that 
he met his tragic death in a blizzard. 

ESSINGTON LEWIS, ch, was born in 1881 at The Burra, South Australia. 
He w f as first a farmer, but in 1905 gained his diploma in mining and metallurgy, 
working the final year of his course underground at the B.H.P. mine at Broken Hill. 
Successively he was metallurgist and acting manager at Port Pirie Smelters, in 
charge of construction of the Newcastle Steel Works, manager of the Broken Hill 
Munitions Co. Pty Ltd, acting general manager of the Company in 1919, assistant 
general manager in 1920, and general manager in 1921 at the age of 40 years. From 
the 1930’s onwards, Essington Lewis belonged to the nation as much as to his 
Company, being Chairman of the Advisory Panel on Industrial Organization in 
1938, Chairman of the Board of Business Administration in 1939, Director-General 
of Munitions in 1940 and, in 1941, Director-General of Aircraft Production. The 
four years after the war were spent as Chief General Manager of B.H.P., laying the 
foundations of the tremendous expansion of the iron and steel industry of the post¬ 
war era. In 1950 he became Chairman of Directors of the Company. In 1943 he was 
created a Companion of Honour. He was a Member of the Society from 1945 till 
his death on 2 October 1961. 

REUBEN TOM PATTON, dsc (melb.), dig (lond.), m for (harvard), 
frhs, was born at Yarrawonga in 1883. After graduating BSc with first class 
honours in 1917 at the University of Melbourne he undertook war service in New 
Guinea. He was appointed Demonstrator in Geology in 1917 and, in 1918, Senior 
Demonstrator in Geology and Botany, holding both the Howitt and MacBain 
Research Scholarships. In 1919 he was awarded an 1851 Overseas Scholarship, 
studying at the Imperial College, London, then moving to Harvard University where 
he gained the Master’s degree in Forestry. From 1922 till the time of his death he 
was closely associated with the Department of Botany, University of Melbourne, 
specializing in Systematics and Ecology. In 1930 he was awarded the Syme Prize 
for a thesis on ‘Factors affecting the distribution of trees in Victoria’ which also 
gained him his DSc. He was very widely known for his popular lectures and books 
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on botanical and horticultural subjects. Reuben Patton was a Member of Council 
of this Society 1922-1952 and President 1941-1942. 

KENNETH WASHINGTON GRAY, ma (cantab), ph d (vienna), fgs, 
f inst pet, who died in Adelaide on 29 November 1962, was a member of the 
Society from 1946 and Hon. Secretary from 1954 to 1955. He obtained the degree 
of MA at Cambridge and PhD in geology at the University of Vienna. Since 
1922 he was connected with the Anglo-Iranian Oil Company, first as a member of 
its geological staff and later as its Australian Representative. His early exploratory 
journeys in Iran led to important discoveries. He came to Australia first in 1935 
and reported on oil possibilities, having visited all then known or presumed oil 
indications. In 1938 he became Chief Geologist in charge of exploratory work in 
Papua and New Guinea. Widely interested in fundamental geological problems, he 
encouraged scientific studies and publications arising from oil exploration, some of 
which were published in these Proceedings. It was a matter of great satisfaction to 
him to see, shortly before his death, the main scientific results of many years’ 
arduous efforts published, with his editorial assistance, by the Geological Society of 
Australia. For some years he was manager of C.O.R. Washington Gray was pro¬ 
foundly interested in everything concerning the progress of Australia; he was widely 
read and cultured, and a man of great personal charm. 
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TREASURER’S REPORT 

During the year subscriptions were raised, members from £3/3/- to £4/4/- and 
associates and country members from £2/2/- to £3/3/-. Rental for use of the 
Society’s Hall was also increased. However, due to economic difficulties, the total 
return from rents was not as high as expected. 

Repairs and maintenance were obviously as low as possible but publication costs 
continue to rise. 

The Society expresses its appreciation to the State Government for its grant of 
£500 and also to those mentioned in the financial statement for their assistance. 

SUMMARY FOR YEAR ENDED 31 DECEMBER 1962 

Total Receipts. £4,133 15 5 

Balance from 1961 . 107 10 0 


£4,241 5 5 

Expenditure. 3,513 11 3 


Cr. £727 14 2 


INVESTMENTS HELD AS AT 31 DECEMBER 1962 
Australian Guarantee Corporation Limited— 


7% Debenture Stock. £1,000 

Australian Aluminium Company Limited— 

7% Debenture Stock. 800 

Bitumen & Oil— 

8% Notes. 100 


£1,900 
















INDEX 


Page 


Aquatic Dicotyledons, Victorian Meso¬ 
zoic . 23 

Australasia. Buchia species in the Juras¬ 
sic of ...163 

Australian Tertiary. Mitchellian, Chel- 
tenhamian and Kalimnan Stages .... 39 
Basalts, Drouin-South. Cainozoic .. .. 147 

Bok, Bart J... 29 

Bonellia. New species from Victoria .. 61 

Bowler, J. M.. 69 

Brunnschweiler, R. 0.163 

Buchan, Victoria. Snowy River Vol- 

canics .. .. .. ....169 

Buchia Species in the Jurassic of Aus¬ 
tralasia .163 

Cainozoic Basalts, Drouin-South .. .. 147 
Cheltenhamian, etc. Stages, Australian 

Tertiary .. 39 

Cidaridae of SE. Australia.181 

Devono-Carboniferous Fauna, Silver- 

band Formation. 1 

Dicotyledons, Victorian. Mesozoic. 

Aquatic. 2*3 

Douglas, J. G. .. .. . .. 23 

Drouin-South, Victoria, Cainozoic 

Basalts.147 

Echinoids, SE. Australia. Tertiary .... 181 

Fauna, Silverband Formation. Devono- 

Carboniferous . 1 

Fletcher, Kenneth.169 

Geelong-Maude Area, Victoria. Ter¬ 
tiary .. 69 

Glcichenia Smith. Victorian Species .. 153 

Impressions attributed to Aquatic Dic¬ 
otyledons, Victorian Mesozoic Sedi¬ 
ments. Nut-like. 23 

Jurassic of Australasia. Buchia species 163 

Kalimnan etc. Stages, Australian Ter¬ 
tiary . 39 

Massola, Aldo... .. 227 

Maude Area, Victoria. Tertiary .. .. 69 
Mertensia). Victorian Species of Glei- 

chcnia Smith (Sub-genus.153 

Mesozoic Sediments, Nut-like impres¬ 
sions attributed to Aquatic Dicoty¬ 
ledons from Victorian ... 23 

Mitchellian etc. Stages, Australian Ter¬ 
tiary . 39 

Mountain Range. Tectonic Stresses .. 141 
Mummc, W. G. 147 


Page 


New Species of Bonellia . 61 

Nielsen, Barbara J. 61 

Nut-like Impressions. Aquatic Dicoty¬ 
ledons, Victorian Mesozoic Sediments 23 

Otoliths of Victoria. Tertiary ....... 13 

Our Expanding Universe. 29 

Parrying Shields of SE. Australia .. 227 
Petrological and Thermo-magnetic Ob¬ 
servations in Cainozoic Basalts from 

Drouin-South.147 

Philip, G. M. ...181 

Relationships between Stages in Austra¬ 
lian Tertiary. 39 

Review of Sequence of Buchia species, 
Jurassic. 163 

Scheidegger, A. E.141 

SE. Australia. Parrying Shields.227 

- . Tertiary Echinoids ...181 

Sedimentation, Geelong-Maude Area. 

Tertiary Stratigraphy and. 69 

Sequence of Buchia Species, Jurassic of 

Australasia.163 

Shields of SE. Australia. Parrying .. 227 
Silverband Formation. Devono-Carboni¬ 
ferous Fauna ... 1 

Snowy River Volcanics west of Buchan 169 
Species of Bonellia. Description of a 

new. 61 

- Buchia in Jurassic of Austra¬ 
lasia . 163 

Spencer-Jones, D. 1 

Stages in the Australian Tertiary .... 39 

Stinton, F. C. 13 

Stratigraphy and Sedimentation, Gee¬ 
long-Maude Area. Tertiary. 69 

Stresses, Vicinity of Valley and Moun¬ 
tain Range.141 

Studies of Tertiary Otoliths of Victoria 13 
Sub-genus Mertensia. Species of Glci- 

chenia ...153 

Talent, John A. 1 

Tectonic Stresses, Valley and Mountain 

Range. 141 

Tertiary, Australian. Stages in. 39 

- Echinoids of SE. Australia .. 181 

- Otoliths of Victoria. 13 

- Stratigraphy and Sedimenta¬ 
tion, Geelong-Maude Area. 69 

Thermo-magnetic Observations, Caino¬ 
zoic Basalts.141 

Thrower, Stella L. 153 

Universe, Our Expanding. 29 


249 



























































250 


INDEX 


Page 

Valley and Mountain Range. Tectonic 


Stresses. 141 

Victoria. Bonellia, New Species from .. 61 

-. Buchan. Snowy River Vol- 

canics West of.169 

-. Drouin-South, Cainozoic 

Basalts from.147 

-. Geelong-Maude Area. Ter¬ 
tiary . 69 




V 


Page 

-. Otoliths, Tertiary ........ 13 

-. Silverband Formation .. .. 1 

Victorian Mesozoic Sediments. Aquatic 

Dicotyledons. 23 

- Species of Gleichenia Smith .. 153 

Volcanics, Snowy River, West of 
Buchan. 169 

Wilkins, R. W. T. 39 


Brown, Prior, Anderson Pty. Ltd., Melbourne, C.l 

























WCTO^' 



<?/iV 





























































































